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Write to us today for a full descrip- 
tion of all Mettler units. Let us 
demonstrate the balance to you in | 
your laboratory. 





l 
In the last 10 years the METTLER line of 
fine balances has grown from this single 
model — bus 





to a whole family of highly exact and 
useful weighing instruments. 


METTLER balances weigh by substitu- — 
tion, the soundest principle of weighing. 
METTLER pioneered in the application 
of this principle to a modern high-speed 
balance. It is a great satisfaction to see 
how many other balance manufacturers 
are now following this lead. 
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Moisture- 
Sensitive 
J, materials ? American Sterilizer installation of large rectangular autoclave 
e with automatic control for carboxide gas sterilization of heat- and 


moisture-sensitive materials. Routine sterilization with pres- 
sure steam is also accomplished automatically in this unit. Other 
equipment available ranges from the 16’’x16’’x30”’ self contained 
Cry-O-Therm to 60” x 66’’x 120” single- or double-door models. 
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WHY ETHYLENE OXIDE? 

As long as ten years ago, American Sterilizer 
researchers settled upon Ethylene Oxide (inerted 
with suitable diluents) as the agent of choice for 
the rapid and dependable sterilization of heat- or 
moisture-sensitive materials. Advances in such 
varied fields as pharmaceuticals, surgical supplies 
and packaging have greatly broadened the range 
of applications for which this versatile sterilizing 
agent is recommended. But they have also clearly 
signaled the need for a precise relationship be- 
tween such factors as temperature, humidity, 
pressure, exposure, concentration and diluents in 
effecting optimum conditions for each specific 
application. 


WHY AMERICAN STERILIZER? 

Our ten year study of the characteristics of 
Ethylene Oxide has been paralleled by an equally 
thorough development of instrumentation. As a 
result, American Sterilizer techniques and in- 
stallations are successfully serving an ever- 
widening range of industrial and commercial 
processes requiring the sterilization of heat- and 
moisture-sensitive materials. 

Because we have accumulated the largest body 
of data and experience in this field, we can advise 
you authoritatively. Because we offer the broad- 
est range of automatic equipment for standard or 
special application you enjoy significant benefits 
of economy and continuing efficiency. 


SEND FOR THIS FREE BASIC LITERATURE 


Basic literature on “Ethylene Oxide Sterilization for 














Industry” is available upon request. Engineers of our Scientific 





Division are “‘on call” for consultation on processes, 
techniques or packaging and Experimental and Pilot Plant 
facilities are available through our Research Division. 


Write for Bulletin 1C-602 
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Please don’t tell Lew (it would ruin 
the plot), but the Catalog in question 
lists over 1000 biochemicals* with for- 
mulas, M.W., tables of data, cartoons, 
etc., and can be obtained free of charge 
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TRIGA 
AT POWER 


A highly successful series of initial TRIGA experi- 
ments and tests have been completed recently by 
General Atomic Division of General Dynamics Cor- 
poration. Scientists and engineers of the Division’s 
John Jay Hopkins Laboratory for Pure and Applied 
Science reported results in complete accord with 
theoretical predictions of the properties and capabili- 
ties of this new reactor concept. 

These tests included power runs at more than 10 times 
the reactor’s design continuous power rating of 10 
kilowatts. They conclusively verified the inherent 
safety of this new training, research and isotope- 
production reactor, which was conceived and devel- 
oped by General Atomic. 


A highly successful series of initial TRIGA experi- 
ments and tests have been completed recently by 
General Atomic Division of General Dynamics Cor- 
poration. Scientists and engineers of the Division’s 
John Jay Hopkins Laboratory for Pure and Applied 
Science reported results in complete accord with 
theoretical predictions of the properties and capabili- 
ties of this new reactor concept. 

These tests included power runs at more than 10 times 
the reactor’s design continuous power rating of 10 
kilowatts. They conclusively verified the inherent 
safety of this new training, research and isotope- 
production reactor, which was conceived and devel- 
oped by General Atomic. 


GENERAL ATOMIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
SAN DIEGO 12, CALIFORNIA 


Research, development and production in the nuclear 
field * Basic research in the sciences * Advanced 
fission power systems « Controlled thermonuclear 
research * Research and isotope reactors 
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ATOMIC ENERGY AND AGRICULTURE 


September 1957 
Publication No. 49 of the American Association for the Advancement of Science 


6” x 9”, 460 pages, 44 illustrations, 22 papers, 32 contributors, index, clothbound. 
(Special cash order price for AAAS members $8.25 ) Price $9.50 


Editor: C. L. Comar, N.Y. Veterinary State College, Cornell University, Ithaca 


Associate Editors: R. F. Reitemeier, U.S. Dept. of Agriculture, Washington, D.C. 
H. B. Tukey, Dept. of Horticulture, Michigan State University, East Lansing 
H. Patrick, UT-AEC Agricultural Research Program, University of Tennessee, Knoxville 
B. F. Trum, Veterinary Corps, U.S. Army, Washington, D.C. 








The contributors to this volume are well recognized in their own fields because of their 
broad understanding of agricultural problems and their years of experience in the ap- 
plication of atomic energy procedures. 


The contributions cover: 
soil-plant relations, 
various aspects of plant metabolism, 


a direct application to crop improvement based on response of the biological 
system to ionizing radiation, 


various aspects of agricultural entomology, 
some uses of radioisotopes in animal nutrition and metabolism, 
the feasibility of food preservation by irradiation. 





The volume will serve the administrator, research worker, and student by 
providing: 


an organized and realistic picture of the state of knowledge in this field, 


a critical examination of past work with enough specific examples to give 
tangible information, 


suggestions for profitable areas of future research, 


stimulation of interest in novel techniques and approaches to important 
problems. 


The material is of unusual interest. Atomic Energy and Agriculture has much to 
offer to both the scientist and the intelligent layman. 








British Agents: Bailey Bros. & Swinfen, Ltd., Hyde House, West Cen- 
tral Street, London W.C.1, England English price 86/— 


Mail your order now: 
To: AAAS PUBLICATIONS, 1515 Massachusetts Avenue, NW, Washington 5, D.C. 


Please accept my order for .... copies of Atomic Energy and Agriculture. My check or money 
order in the amount of $ is enclosed. 
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for use in 
Class I, Group D locations! 
INTERNATIONAL 
EXPLOSION-PROOF CENTRIFUGE 










Listed by Underwriters’ Laboratories and 
the Canadian Standards Association, this 
Size 2 Model EXD Centrifuge has explosion- 
proof % hp motor, control housing and 
electrical fittings. So, it’s safe for use in all 
Class 1 Group D atmospheres. This model 
accommodates all heads and other accessories 
used in the International Size 2 Centrifuge 
and with corresponding speeds and forces. 


for centrifuging 
infectious materials! 


INTERNATIONAL 
SEALED ACCESSORIES 


Developed for the U.S. Army Biological 
Warfare Laboratories, Fort Detrick, Maryland, 
International Sealed Accessories are now being 
used for centrifuging TB sputum, fungi and 
other infectious materials without risk of 
contaminating centrifuge and surrounding air. 
New, enlarged line includes cushioned 
Duralumin cups and stainless steel shields 
with air-tight screw-on covers for holding all 
standard centrifuge bottles and tubes. 


What is your special centrifuging problem? 


International, with its problem-solving experience since 1901, has 
created new Centrifuges and Accessories for better, faster and safer 
performance. Designed with operational safety a foremost considera- 
tion, each Centrifuge and each piece of accessory equipment bears the 
IEC seal of quality and is carefully overload tested. 

There is no finer combination than genuine International accessories 
in an International Centrifuge. 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 
International — your dependable source for centrifugal force 

















NOW... completely Automatic Scintillation Counting! 


Here is an instrument that quickly pays for 
itself by saving staff time. It can be operated 
twenty-four hours per day and seven days per 
week without attendance. Also, more samples 
can be counted and better data obtained by 
using longer counting periods and more re- 
peat counts. 

Test tubes are 16 mm diameter by 150 mm 
long for standard well-type scintillation detec- 
tors. Any number up to ONE HUNDRED 
SAMPLES can be counted at each loading. 
After the last sample in the turntable has been 
transferred to the scintillation detector, 
counted, and returned to its place in the turn- 


* Trademark 


Pockard Instrument Company, 
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BOX 428 -« 


table, the unit resets to the first sample and 
starts over again. Counting periods are based 
on both preset time and preset count, and 
counting is stopped by whichever is reached 
first. Sample number, time interval and scaler 
reading are all recorded on the paper tape. 

The Auto-Gamma Sample Changer is avail- 
able for many different systems. It can be pur- 
chased as a complete unit with a choice of 
large or small sodium iodide crystals. It can 
also be used with scintillation spectrometers or 
with simple scaler systems. 

For full information request Auto-Gamma 
Bulletin. 


LA GRANGE, ILLINOIS 
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How Big Is Too Big? 


As the national volume of research increases, and, indeed, as we ex- 
perience a mounting rate of increase, a number of research organizations 
are growing, or may already have grown, to such dimensions that one is 
bound to inquire: How big is too big? 

There is of course no tidy or universal answer. But there may nevertheless 
be some criteria which should be in the minds of those who face this 
question. 

An organization is clearly too big if an excess of enthusiasm, energy, 
and hope has resulted in an expansion whose financing is so shaky that 
it impairs morale, or whose physical facilities are so crowded that research 
efficiency has suffered. 

An organization should not grow further if it can do so only by using 
the perhaps illusory attraction of its size, resources, and prestige to rob 
other organizations of personnel which might, in terms of the total national 
effort, better stay where they are. In addition, the financial support neces- 
sary for the further expansion of a large institution may, under some cir- 
cumstances, be obtained only at the expense of funds which should in fact 
go to other institutions. 

Any enlargement of an organization is achieved only at a cost—of 
money, of facilities, and of personnel, all of which might otherwise be 
utilized elsewhere in other tasks. On the other hand, an organizational 
enlargement is presumably always designed to produce new benefits. Only 
when these benefits clearly promise to outweigh the total cost, as judged 
unselfishly and broadly, is the expansion justified. No one can draw up a 
precise profit-and-loss statement for such a transaction, but he can at least 
attempt to weigh all the factors. 

As growth occurs it is inevitable that there will be increasing complica- 
tions of organization, increasing difficulties of internal communication, and 
increasing inefficiency in the direct and detailed contact between the upper 
levels of leadership and the active research at the laboratory bench. An 
organization has already outgrown its optimum size if these unfortunate 
results of growth have combined to bring it about that thé whole is no 
longer more than the mere sum of the parts. 

There are doubtless further important criteria for judging overgrowth 
of an organization. It is thus to-be hoped that others will add to the dis- 
cussion of this topic—WarrEN Weaver, Rockefeller Foundation, New 


York. 











Bausch & Lomb Micro-Projectors Give You 


MORE TEACHING TIME PER CLASS HOUR) 






Dog Flea 


BAUSCH & LOMB 


MICRO-PROJECTOR 


For science instruction . . . clearest views, easiest to use 
Fills screen with sharply magnified images of fixed or live 
specimens. Also projects directly onto tracing pad. Magnifi- 
cation range from 75 to 1500 at 10 feet. 








MAIL COUPON FOR DATA AND DEMONSTRATION 
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Vivid screen- 
sized views of 
micro-specimens 
speed group 
instruction 


BAUSCH & LOMB 


MICRO-PROJECTOR 





For advanced studies—critical 
detail, automatically! 
Fully achromatic objectives and match- 
ing condensers are automatically syn- 
chronized to give you the best light for 
every magnification—20X to 3000 at 
12 feet—with a single lever control. 
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Plant Communities 


Recent research suggests that they form units in 
a vegetation continuum rather than discrete classes. 


One of man’s early perceptions of na- 
ture was of the variety of the vegetational 
mantle which covers the earth’s surface. 
Long and intimate contact with specific 
types of vegetation has colored the ways 
of life and attitudes of a people, influ- 
enced its art, and provided a backdrop 
for its legends and literature. Herb doc- 
tors of the past and present search for 
desired plants in familiar settings, and 
colonial farmers recognized, in some 
cases erroneously, some aggregations of 
plants as indicators of desirable farm 
land and others as indicators of barren 
land. Our languages contain many words 
which refer, more or less specifically, to 
familiar and distinctive groups of plants. 
Marsh, moor, fen, bog, brake, steppe, 
prairie, llano, pampas, heath, chaparral, 
maquis—all indicate the widespread rec- 
ognition of distinctive vegetation types 
which are part of man’s natural heritage. 


Earlier Views of Plant Communities 


Prior to the 19th century, botanists, in 
much the same way as laymen, recog- 
nized and were familiar with diverse 
types of vegetation. It was not, however, 
until the middle of the 19th century that 
plant communities were consciously made 
objects of study. Extensive explorations 
of areas of the world then little known 
to Europeans had centered attention on 
the wonderful diversity of plants, and 
the vast primeval areas of vegetation 
newly viewed by naturalists stimulated 
attempts to describe and name them. A 
branch of botany called plant physiog- 
nomy arose, based upon the recognition 
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of plant communities by their general 
appearance. 

One of its early proponents was An- 
ton Kerner, whose book The Plant Life 
of the Danube Basin explicitly voices the 
concept of plants as members of distinct 
communities. “Every plant has its place, 
its time, its function and its meaning. In 
every zone, plant life has been develop- 
ing through an inconceivably long time 
according to the same pattern to build 
up its green structure over the naked 
earth. In every zone the plants are gath- 
ered into definite groups, which appear 
either as developing or as finished com- 
munities, but never traisgress the orderly 
structure and correct composition of their 
kind” (7). Kerner’s book was a subjec- 
tive and esthetically appreciative descrip- 
tion of the vegetation of the Danube 
Basin, interpreting the distribution of 
several physiognomically distinct “plant 
formations” as related to the environ- 
ment. In North America such compre- 
hensive study of vegetation lagged, al- 
though descriptions of vegetation by 
travelers and early botanists are numer- 
ous, and the insights of naturalists, such 
as Thoreau, into some aspects of the 
plant communities of their native areas, 
foreshadow the work of early plant ecolo- 
gists (2). 


Problems of Classification 


It was not until the early years of the 
present century that intensive studies 
were made of the composition, distribu- 
tion, development, and biological inter- 
relations of plant communities. These 
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studies brought to light many units of 
vegetation not previously recognized or 
dignified by name, and the list of plant 
communities grew rapidly. Description 
and naming are but the first steps in clas- 
sification. As the number of described 
communities proliferated, systems of clas- 
sification were erected analogous to those 
used by taxonomists. These classifica- 
tions sought a basic unit or community, 
comparable to the taxonomic species, 
which would serve as a basis.for a hier- 
archical classification of vegetation. The 
communities were commonly called “as- 
sociations,” the concept resting upen the 
mutual occurrence or association of spe- 
cies populations in recognizable com- 
munities defined by their floristic com- 
position. 

Unfortunately, there was little agree- 
ment among botanists about the nature 
and extent of the association or the pre- 
cise basis upon which it should be de- 
fined. In some systems the association 
was recognized by specific combinations 
of the largest and most conspicuous 
plants, known as dominants. Trees are 
the obvious dominants of forest com- 
munities while grasses are the prairie 
dominants. In other instances the total 
species composition was used, certain 
character species, which occurred in a 
given proportion of the examples stud- 
ied, serving to define the association. 

The earlier work, based largely upon 
the subjective judgments of individual 
botanists familiar with the vegetation of 
an area, was soon supplemented by quan- 
titative studies based on objective sam- 
pling techniques which described more 
precisely the characteristics and compo- 
sition of communities. These studies 
served to multiply the difficulties of 
classification, for instead of having only 
combinations of species to consider, it 
became necessary to consider the rela- 
tive frequency with which the species 
occurred. A community with the com- 
position 75 percent species A, 20 per- 
cent species B, and 5 percent species C 
may not be in the same category as one 
with the composition 75 percent species 
C, 20 percent species B, and 5 percent 





The author, until recently a member of «the 
staff of ‘he plant science department at Vassar 
College, is now on the staff of the biology de- 
partment at the University of Notre Dame, Notre 
Dame, Ind. 
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species A. A multiplicity of communities 
of various degrees of complexity and size 
were described as associations, presum- 
ably all fairly distinct, one from another. 
Still, there was no unanimity of opinion 
about how much variation was permis- 
sible within an association, and the ques- 
tion was posed by Stanley Cain, “How 
many species must remain to preserve 
the identity of the association?” (3). 
Great diversity existed in the associa- 
tions described by botanists applying the 
precepts of various schools of thought. 
According to some schools, particularly 
in Europe, an association was a small- 
scale, homogeneous community which in 
some cases might be hidden under a 
Stetson hat (for example, a community 
of mosses). In America (notably as de- 
veloped in the work of the pioneer ecolo- 
gist Frederick E. Clements, whose views 
dominated American ecology for many 
years), an association was a large-scale 
unit including great variation (4). More- 
over, according to Clements’ concepts 
the association was comparable to an or- 
ganism and was heid to possess an over- 
all unity and stability under the control 
of clirnate. As a consequence of these di- 
vergent viewpoints it was possible for 
Conard (5) to recognize 71 associations 
on central Long Island, while Clements 
recognized only three in the entire east- 
ern deciduous forest formation of North 
America. These differences, aggravated 


by semantic difficulties, resulted in near 


chaos, and some ecologists advocated 
abandoning the term association, if not 
the concept. 





In spite of these difficulties, an almost 
unanimous opinion existed in Europe 
and America that, however nebulous the 
thinking or however great the differences 
of opinion, describable aggregations of 
plants occur, possess boundaries in na- 
ture, and can be recognized as rather 
discrete entities which are repeated in 
numerous individual instances in the 
vegetation of an area. This view of vege- 
tation as composed of discontinuous as- 
semblages of plants or unit communities 
is one of the cornerstones of classical 
plant ecology. Associations have been 
variously defined, usually in the follow- 
ing vein: “An association is a plant com- 
munity of definite floristic composition, 
presenting a uniform physiognomy, and 
growing in uniform habitat conditions” 
(6); or, “Associations of plants on land 
are definable entities susceptible of nam- 
ing and classifying” (7). 


The Individualistic Hypothesis 


Diametrically opposed to this consen- 
sus was the hypothesis advanced by 
Henry A. Gleason, tentatively in 1917 
and more explicitly in 1926, which he re- 
ferred to as “the individualistic concept 
of the plant association” (8). Gleason 
maintained that plant species were dis- 
tributed according to their individual 
biological potentialities and that the ag- 
gregation of plants on any area was the 
fortuitous result of the local environment 
and the available plants. He stated that 
the environment varies continuously in 
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TWO LEADING SPECIES iN STANDS 


Fig. 1. Distribution of average importance values of tree species in a series of stands 
grouped according to the two most important species. 
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space and time and that vegetation also 
varies continuously in space and time, 
Therefore, similarity of individual ex- 
amples is approximate only, and a pre- 


cisely logical classification is impossible. 
Although Gleason recognized the exist- 
ence of large-scale areas of vegetation, 
such as grassland and deciduous or conif- 
erous forest, he emphasized that within 
the matrix of such physiognomically dis- 
tinct areas the differences between indi- 
vidual communities were cumulative, so 
that the variation increased with the dis- 
tance separating them. He cited the for- 
ests along the Mississippi River basin and 
noted how small changes from mile to 
mile, as species drop out or appear, 
cumulate, so that over many miles an 
almost complete change in composition 
results. His thinking was not unique, for 
similar ideas were expressed by various 
European botanists. 

Thus, two apparently antithetical con- 
cepts of plant communities were in the 
field. The first maintained that “the 
juxtaposition of piants in communities is 
not only an empirical generalization. 
The association of individuals and spe- 
cies is much more than a chance meet- 
ing. It is a part of the order of nature” 
(7). The second held that “each sepa- 
rate community is merely one minute 
part of a vast and ever-changing kalei- 
doscope of vegetation, a part which is 
restricted in its size, limited in its dura- 
tion, never duplicated except in its pres- 
ent immediate vicinity and there only as 
a coincidence, and rarely if ever re- 
peated” (9). 

In America the individualistic concept 
of plant communities was nearly dor- 
mant for 20 years. Within the past dec- 
ade new evidence from varied sources 
has revived and added credence to the 
individualistic concept. Studies of vege- 
tation types as varied as the shad scale 
of Nevada and California (/0), the for- 
ests and prairies of Wisconsin (11, 12), 
and the forests of the Great Smoky 
Mountains (/3) lead to conclusions sub- 
stantiating the individualistic concept. 
Concomitant with this has been an in- 
creased interest in order or pattern 
among units as against a system of clas- 
sification of discrete entities. 

The basic question is whether or not 
species populations occur as _ groups 
which are discontinuous with other 
groups and recognizable as a series of 
discrete classes. Quantitative and objec- 
tive methods have been applied to varied 
vegetation types in a reexamination of 
this question, Two general approaches 
have been used. One, “gradient analysis” 
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(13), examines samples of vegetation 
along an environmental gradient such 
as altitude or moisture. This gradient 
serves as the basis for aligning and ana- 
lyzing the vegetational data. The second 
approach is based upon the mass collec- 
tion of large numbers of samples of 
vegetation without reference to environ- 
mental gradients or apparent aggrega- 
tions of species. The data are analyzed 
to ascertain species relationships which 
might serve as a basis for classification 
or the construction of gradients based 
upon species composition. Such compo- 
sitional analysis serves to orient the in- 
dividual community sample to other 
samples, and, conversely to the method 
of gradient analysis, environmental data 
may be aligned on a vegetational gra- 
dient. 

The gradient analysis approach is the 
basis of forest studies in the Great Smoky 
Mountains by Whittaker (13), who col- 
lected samples spaced along gradients of 
altitude and moisture and also random 
samples throughout the area. When plant 
populations are analyzed according to 
their quantitative distribution along an 
environmental gradient, he finds that each 
species forms a bell-shaped curve. The 
curves are distributed along the gradient 
as a series with overlapping ranges, but 
no two curves have identical ranges or 
optima. No clusters of species curves are 
found, indicative of similar species be- 
havior relative to the gradient and lead- 
ing therefore to recognition of a series 
of discrete units. This, Whittaker points 
out, suggests that species populations 
form a shifting series of combinations 
along environmental gradients and leads 
to the interpretation of vegetation as a 
“complex and largely continuous popu- 
lation pattern” (13). 

The second approach, based on the 
analysis of proportionate composition 
with respect to the dominant plants in 
a large number of samples, is exemplified 
by studies in Wisconsin forests. The rela- 
tive importance of each tree species in 
a forest stand is denoted by its “im- 
portance value.” This value is the sum 
of measures of density, size, and distri- 
bution derived from a series of standard 
samples in each stand. Density is the 
number of individuals of a species in the 
total sample. Size is measured by the 
cross-sectional area of the trunk of each 
individual tree at a standard height. The 
measure of distribution of the species is 
based on the frequency with which the 
species is encountered in the samples. By 
expressing each measure as a percentage, 
three relative values are obtained for 
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each species, the sum being the impor- 
tance value of the species. The magni- 
tude of the importance value serves as 
an indication of the sociological impor- 
tance of the species in the community. 
The importance values for all species in 
a stand add up to a constant total of 
300. In a pure stand of a single species, 
the importance value of that species 
would be 300, while in the more usual 
stand, in which there is a mixture of 
species, each would have an importance 
value constituting some portion of 300. 

In the upland forest of southern Wis- 
consin only four tree species—black, 
white, and red oaks (Quercus velutina, 
Quercus alba, and Quercus rubra) and 
sugar maple (Acer saccharum)—com- 
monly attain high importance values. 
When stands are classified according to 
their most important tree species, those 
stands in which black oak is dominant 
contain decreasing quantities of white 
oak, red oak, and sugar maple, in that 
order, while, conversely, those stands in 
which sugar maple is the leading species 
contain decreasing amounts of red oak, 
white oak, and black oak. This suggested 
a preliminary order of stands, from those 
dominated by black oak to those domi- 
nated by sugar maple, white and red 
oaks being intermediate. More detailed 
analysis was made by classifying the 
stands into groups based on the two most 
important species. These groups were ar- 
ranged in the order suggested above, ad- 
ditional species being placed in sequence 
according to the relation of the stands in 
which they reached optimum impor- 
tance to other groups of stands (Fig. 1). 
This empirical ordering of groups served 
to demonstrate a pattern of species dis- 
tribution but did not suggest anything 
which could be interpreted as discrete 
communities. It soon became apparent 
that the number of classes is determined 
by the method of selection. If the order 
of the four most important species of 
trees in a stand is used as a basis of 
selection, each class includes a single 
stand. In other words, for the data at 
hand, no two stands had the same ar- 
rangement of the four most important 
tree species, and no natural groups of 





species combinations were apparent. 
Since the groups of Fig. 1 are artificial 
classes, a simple method was devised for 
visually examining data with respect to 
the individual stands. The importance 
value of each species in a stand was 
marked to scale on a narrow strip of 
white Celluloid ten inches long. These 
strips could be placed side by side in 
any desired order, and the distribution of 


species among many stands could be seen 
at a glance. If natural groups exist, such 
a technique might reveal them. When 
the strips were placed in order of de- 
creasing importance values for black oak 
and of increasing importance values for 
sugar maple, it was found that the spe- 
cies distributions of red and white oaks 
form approximately normal curves (Fig. 
2). Species distribution of trees, shrubs, 
and herbs not involved in the original 
empirical ordering of stands also forms 
a continuous series of bell-shaped curves. 
The positions of the curves for each spe- 
cies are purely relative, but each occu- 
pies a characteristic position in an or- 
dered sequence, no grouping of curves 
being evident. The entire order or se- 
quence is called a vegetational con- 
tinuum, for at no point can it be divided 
except on the basis of arbitrary criteria. 
The vegetational continuum represents 
a shifting series of species combinations 
in a linear pattern or gradient. Any stand 
is similar to, but slightly different from, 
its neighbors in the continuum, the dif- 
ference between the stands increasing 
roughly as the distance between them. 

Similar vegetational continua have been 
arrived at by using data for herbaceous 
plants rather than trees and by ordering 
the stands according to statistical meas- 
ures of similarity of the species com- 
position (12, 14, 15). 

The concept of correlated change of 
species composition on a continuous gra- 
dient has its counterpart in the catena 
concept of the soils scientist, in which 
properties of soils are similarly conceived 
of as varying continuously. It has been 
compared to the spectrum of visible light. 
The extremes of red, yellow, green, or 
blue are readily apparent, but the inter- 
gradations are not so easily distinguished. 
The visible extremes are analogous to 
the conspicuously different areas of vege- 
tation, such as prairie, oak forest, or 
maple forest, while the many intergrada- 
tions between these extremes of vegeta- 
tion suggest the continuous variation of 
the spectrum. The physicist designates 
a point or range on the spectrum not by 
color but by a number indicating its 
wavelength. Analogously, scales or index 
numbers have been developed to locate 
a given stand more precisely in a con- 
tinuum. 


Continuum Index 


Various devices have been used to es- 
tablish numerical scales to place indi- 
vidual stands in a vegetational con- 
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ORDER OF STANDS 


according to the continuum index. 


tinuum. In the case of the continuum 
described above, the tree species illus- 
trated in Fig. 2 were rated; sugar maple 
was used as a standard and given the 
arbitrary value of ten. Other species re- 
ceived values ranging from one to nine, 
according to the position of their opti- 
mum occurrence relative to sugar maple. 
Black oak, for example, was assigned a 
value of two; white oak, four; and red 
oak, six. The importance value of each 
species in a stand was multiplied by the 
assigned value, and the products were 
added. The weighted total served to 
place the stand in relation to other stands 
on a numerical scale ranging from 300 
to 3000, A stand composed entirely of 
bur oak, which was assigned a value of 
one, would have a rating of 300; a stand 
composed solely of sugar maple, with 
its assigned value of ten, would have a 
rating of 3000. All of the species in a 
mixed stand would affect the total for 
that stand, but the species having high 
importance values would naturally exert 
the influence. This 
weighted numbers is called the vegeta- 
tional continuum index. The stands origi- 
nally arbitrarily classified into groups or 
arranged in an order of individual stands 
may now be arranged on the basis of in- 
dex values. The order and relative posi- 
tion of species curves remains the same, 
indicating that the linear sequence is 
preserved in the index order. 

A vegetational continuum index is a 
new and useful tool in ecological studies 
of many kinds. Distribution of environ- 
mental factors may be related to the in- 
dex, as illustrated in Fig. 3, which indi- 
cates interrelations of the community 
complex and factors of the physical en- 
vironment. The vegetation can serve as 
a basis for analysis of the environment. 
Ecological studies of individual species 


greatest scale of 
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CONTINUUM INDEX 


Fig. 2 (left). Distribution curves for four important tree species when individual stands are arranged in order of decreasing occurrence 
of black oak and increasing occurrence of sugar maple. The importance values are averaged by successive groups of five stands, and the 
curves are smoothed according to the formula (a+ 2b+¢)/4. Fig. 3 (right). Distribution of soil pH in southern Wisconsin forest stands 


in stands representative of various ranges 
of the index serve to illustrate variation 
in physiological and morphological char- 
acteristics as they are related to the in- 
dex (16). Studies of soil microfungi (17) 
indicate that species and genera are pref- 
erentially distributed in given ranges of 
the continuum. The penicillia, for ex- 
ample, increased in percentage of total 
species toward the higher values of the 
index, while the Mucorales showed a re- 
verse trend, Like the trees, forest soil 
microfungi form a series of changing 
species the 
tinuum gradient. Hale (/8) found that 
the most satisfactory method of analyz- 
ing the distribution of mosses and lichens 


combinations along con- 


growing on the bark of trees was on the 
basis of the vegetational continuum. Al- 
though host specificity resulted in a high 
degree of interspecific correlation, this 
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Fig. 4. Diagram illustrating interrelations 
among several tree species, constructed on 
the basis of Cole’s index of interspecific 
association (2/). 


was found to be relative and to be modi- 
fied by position on the continuum index. 
Populations of breeding birds in stands 
spaced along the continuum index dem- 
onstrate, in many cases, graded responses 
of individual bird species and a continu- 
ous shift of species combinations (19), 
In short, the continuum index can pro- 
vide a background for studies of varied 
kinds of organisms, particularly studies 
of characteristics which may be influ- 
enced by variation in community com- 
position. 


Community Pattern 


In the development of the continuum 
concept it became apparent that this 
concept is not limited to a linear order 
but is multidimensional. One suggestion 
of this comes from a study of an area 
including species usually recognized as 
members of different forest associations 
(oak—hickory and maple—basswood ). The 
composition of this stand was sampled 
intensively by means of a grid of quadrat 
(square area) samples (20). The mutual 
occurrences among the species were meas- 
ured by means of an “index of interspe- 
cific association,’ developed by Cole 
(21). The index was computed for each 
of the possible species combinations. The 
index values range from +100 percent 
for species which always occur together 
to — 100 percent for species which never 
occur together. If there is only chance 
association the index is zero. In the re- 
sulting matrix of indices of association 
between tree species it was notable that 
two species which are significantly asso- 
ciated with each other do not necessarily 
have similar association values with a 
third species. This is graphically shown 
in Fig. 4. In the figure, species pairs 
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which have a positive index of associa- 
tion are connected by a line whose width 
is proportionate to the measure of asso- 
ciation. Those pairs which have a nega- 
tive value are connected by a dashed line 
in which the length of the spaces rela- 
tive to the length of the dashes indicates 
the degree of negative value. Thus, wal- 
nut (Juglans nigra) and hop hornbeam 
(Ostrya virginiana), which had an index 
value of —100, are not connected at all. 
Sugar maple and white oak, having an 
index value of — 62, are connected by a 
line that is 38 percent dash and 62 per- 
cent intervening space. 

Red oak and walnut are both asso- 
ciated with white oak and in similar 
degree, as measured by the index, but 
are significantly disassociated themselves. 
White oak, walnut, and perhaps red oak 
might be suggested as a possible com- 
munity, but the fact that red oak and 
walnut are significantly disassociated 
would suggest two communities. Or, 
sugar maple, basswood (Tilia ameri- 
cana) and hop hornbeam might be re- 
garded as a community, but the signifi- 
cant association of red oak and hop 
hornbean would suggest that red oak 
also be included. Elm (Ulmus rubra) 
occurs with sugar maple and might be 
added to such a community, but elm 
and red oak and elm and hop hornbeam 
are significantly disassociated. It seems 
reasonable to view such a diagram as 
representing an arrangement of species 
combinations which are connected in a 
continuous two-dimensional pattern. It 
does not seem possible to reduce the pat- 
tern to discrete communities except by 
introducing arbitrary lines. The pattern 
emphasizes the fact that a continuous 
relationship between species is not a 
linear one, as the earlier figures might 
suggest, but is more complex and multi- 
dimensional. Species which occupy re- 
lated positions in a linear order from 
white oak to sugar maple may occupy 
quite unrelated positions on other pos- 
sible axes. 


Grassland and Transition 


The concept of continuously varying 
species combinations, as postulated by 
Gleason’s individualistic hypothesis and 
borne out in the forest studies described 
above, has proved valid in studies of 
grassland and transition between forest 
and prairie. 

Dyksterhuis (22) has shown a con- 
tinuously varying composition in West- 
ern range land. Curtis (72) has con- 
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Fig. 5. Transition between prairie and forest. Here in the prairie-forest border region, 
forests appear in the draws; the upland, which is now cultivated, was originally largely 
prairie. 


structed a prairie continuum index for 
Wisconsin prairies, based on five groups 
of indicator species ranging from species 
with optimum development in wet sites 
to those showing optimum development 
in dry sites. An index value for each 
prairie stand was calculated by multi- 
plying the relative amount of each indi- 
cator group present by a weighting value 
for each group and adding the weighted 
products. When the stands were arranged 
in the order of index values, for all spe- 
cies, including nonindicator species, there 
were smooth curves of occurrence in a 
continuous series. Identical results were 
obtained in a direct gradient-analysis ap- 
proach when species distributions were 
plotted on a gradient of capacity for re- 
tention of soil water. 

The work of Bray (/4) is of particular 
interest. Working in the prairie-forest 
border region of Wisconsin, a broad in- 
termediate belt between grassland and 
forest, he finds evidence of continuous 
transition between forest and prairie. In 
this region prairie and forest were origi- 
nally intermingled in a mosaic of vege- 
tation now almost universally disrupted 
by cultural activities (Fig. 5). Although 
prairies are found on various land forms, 
they commonly occur on rolling uplands 
and steep hills, and it is on the latter 
that many of the remnants are found 
in the prairie-forest border. Bray estab- 
lished a transect of samples extending 
from prairie into forest. He describes 
his findings as follows: “Here is the 
vegetation of two formations coming to- 
gether within the oak opening transition 
of the prairie-forest border and _ inter- 
locking so smoothly that of those species 


which reach their greatest frequency 
it is difficult 
to state whether they are primarily forest 
plants or prairie plants.” 


within the oak opening .. . 


The concept of continuity in vegeta- 
tion is not at odds with any but the most 
fundamentalist views of the integrity of 
the associational unit. Practically all 
ecologists recognize the existence of in- 
tergrading areas of composition and 
characteristics stands which 
may be described as representative of 
different associations. J. Braun-Blaun- 
quet (23), whose work is commonly re- 
garded as the archetype of classification 
of vegetation into associations, states: 
“The possible combinations of species 
are indeed endless.” The essence of the 
continuum approach as an outgrowth of 
the individualistic concept is to switch 


between 


the emphasis from the study of more or 
less similar units of vegetation with ad- 
mitted intergrades to the study of the 
gradient itself. As Goodall (24) has 
pointed out, nothing will be lost, for any 
cluster of species which responded as a 
unit would still appear, and information 
about the reaction of species in zones 
now regarded as transitional would also 
be available. The logic of proceeding on 
an assumption of continuity of vegetation 
unless discontinuity is clearly demon- 
strated seems clear, in view of the con- 
fusion of opinions on association con- 
cepts. 

The concept of plants as members of 
communities stated by Kerner and many 
others is substantiated in the work of 
modern plant ecology. The order inher- 
ent in nature is not, however, one of 
clear-cut cause and effect relationships re- 
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sulting in well-defined aggregations of 
species into clearly bounded and readily 
pigeonholed units as objective natural 
entities. Much recent evidence points 
toward the concept of communities as 
an ordered pattern of species, individu- 
ally distributed in space and time and 
most effectively considered in terms of 
orders and gradients. 
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Folic Acid Coenzymes 


Metabolic reactions involving “active formate” 


and 


“active formaldehyde” are surveyed. 


F. M. Huennekens, M. J. Osborn, H. R. Whiteley 


For a great variety of cells of animal, 
plant, and microbial origin, the vitamin, 
folic acid, serves as a growth factor by 
controlling the metabolism of the one- 
carbon (C,) compounds, formate and 
These C, compounds 
serve as building blocks in the biosyn- 


formaldehyde. 


thesis of purines, certain pyrimidines, 
and certain amino acids, An increased 
capacity to incorporate formate into 
cellular nucleic acids (J), and also an 
elevated level of folic acid (2) and its 
coenzyme forms (3), has been found to 
characterize at least one type of abnor- 
mal growth, namely that of the leukemic 
white cell. 

A description of C, metabolism is pro- 
vided by the following generalized equa- 
tions for the mobilization of X, the 
formaldehyde or formate group, 


D—X+C=C—X+D (la) 
C—X+A@A—X+C (1b) 


In these equations, C is the folic acid 
coenzyme, D is a donor molecule con- 
taining a potential C, unit (serine, pu- 
rine, histidine, and so on), and A is 
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an acceptor molecule (glycine, carboxa- 
mide ribotide, and so on). When the 
C, unit is bound to the folic acid coen- 
zyme (C—X), the complex may be con- 
sidered as “active formate” or “active 
formaldehyde,” respectively; the latter 
complex is more frequently referred to 
as “active hydroxymethyl.” The analogy 
between these complexes and the well- 
known “active acetate” (acetyl coenzyme 
A) is apparent. 

Although the early recognition of vari- 
ous metabolites as donors and acceptors 
of formyl and hydroxymethyl units was 
achieved by tracer and nutritional stud- 
ies (4, 5), recent work has been directed 
toward studies with isolated enzyme sys- 
tems, which permit a greater degree ‘of 
understanding of reaction mechanisms. 
Study of the detailed mechanisms of the 
various reactions, represented by Eqs. la 
and 1b, has been hampered by the mul- 
tiplicity of the C, fragments (formy], 
hydroxymethyl, and in some instances, 
methyl) and by uncertainty concerning 
the chemical structure of the intermedi- 
ates, C- 
sequent paragraphs, folic acid has sev- 
eral potential sites of attachment for a 
C, group. 

In this article (6) we shall attempt to 


-~X, since, as is discussed in sub- 
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summarize the current information re- 
garding the nature of “active formyl” 
and “active hydroxymethyl” complexes 
and to survey the various metabolic re-: 
actions in which these compounds par- 
ticipate (7). 


Reactions Involving “Active 
Formaldehyde” 


Serine hydroxymethylase. Numerous 
investigators (summarized in reference 
8) have studied the enzymatic intercon- 
version of serine and glycine. In early 
work (9), in which tissue slices or intact 
animals were used, sensitive tracer tech- 
niques were required to detect the small 
conversions. More recently, larger con- 
versions have been achieved by use of 
purified enzymes from avian and mam- 
malian livers (8; 10-13). 

The over-all reaction (Eq. 2) for the 
biosynthesis of serine from glycine and 


HCHO 
HCHO + glycine = serine (2) 


is actually the sum of two separate re- 
actions 


HCHO + FH. = hFH, (2a) 
hFH, + glycine = serine + FH, (2b) 


where FH, is the abbreviation (1/4) for 
5,6,7,8-tetrahydrofolic acid (1) 


" 
0 
HN NAN i 
2 ~~ fo) (CHa)2 
| . 10 i! \ 
NN 5 CHa—N c—NH—CH 
N 
on H COOH 


the coenzyme form of folic acid, and 
hFH, symbolizes hydroxymethyl FH,, 
without specifying the position of the 
C, group on the folic acid coenzyme. 
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Reactions 2a and 2b are catalyzed by 
the formaldehyde-activating enzyme and 
serine hydroxymethylase [or serine aldo- 
lase (11)], respectively. 

In the over-all reaction (Eq. 2) a re- 
quirement for pyridoxal phosphate has 
been observed in all systems studied (8; 
10-13; 16); an additional requirement 
for Mn*+ has been demonstrated only 
with a bacterial enzyme (15). The site 
of action of both cofactors is undoubt- 
edly in reaction 2b, as would be antici- 
pated from the chemical studies of Snell 
and his co-workers (16). 

Formaldehyde-activating enzyme. Since 
spectroscopic evidence indicates that 
HCHO and FH, interact rapidly in the 
absence of any enzyme to form one or 
more complexes, it was not immediately 
clear whether reaction 2a was enzyme- 
catalyzed or not. However, during puri- 
fication of the enzyme system that cata- 
lyzes reaction 2, it was found that the 
enzymes for reactions 2a and 2b could 
be partially separated (13). The for- 
maldehyde-activating enzyme can be as- 
sayed in the following manner. When 
FH, (Amex, at 300 my, © = 22x 108 
cm?/mole) is mixed with a slight excess 
of HCHO at pH 7, no reaction occurs. 
When the purified activating enzyme 
is added, the spectral peak shifts to 
294 mp, and € increases’ to 26x 10° 
cm2/mole. This shift is due to the for- 
mation of hFH, according to Eq. 2a. 
When hFH, is synthesized enzymatically, 
it is a reasonably stable substance and 
can be separated from unreacted FH, 
by column chromatography or by paper 
chromatography (1/7). 

The authenticity of hFH, is estab- 
lished by the following enzymatic assays. 
(i) In the presence of serine hydroxy- 
methylase and glycine, hFH, disappears 
and FH, reappears (see reactions 2b). 
(ii) In the presence of the hFH, dehy- 
drogenase (see below) and TPN, hFH, 
is oxidized to formyl FH,, and an equiv- 
alent amount of TPNH is formed. Non- 
enzymatically, hFH, may be converted 
to FH, by the addition of hydroxylamine 
in acid; in a basic medium the material 
is stable to H,NOH. 

Structure of “active formaldehyde.” 
Formaldehyde is known to react with 
—NH, or —SH groups, forming equi- 
librium adducts of the type represented 
by II. 


Di acl 
l 
CH, 0H 


II 
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When a second ligand is possible with 
the bound HCHO, as in III, 


Ny 
1 


a Gh 


Pd 
III 


niuch more stable complexes are formed, 
especially if both ligands are on the 
same molecule. An example of this is the 
reaction of HCHO with cysteine to 
form the stable heterocycle, thiazolidine 
carboxylic acid. An important clue to 
the structure of hFH,, was provided by 
Blakley (18), who prepared the HCHO 
adduct (IV) of N,N-diphenyl ethylene- 


diamine: 


CH, 
IV 


Structure IV is quite stable, and, like 
thiazolidine carboxylic acid, it does not 
release its bound HCHO to aldehyde- 
binding agents such as chromotropic acid 
and acetyl acetone. Although hFH, in 
acid behaves like a type II adduct in re- 
leasing HCHO, its stability in base 
strongly suggests a type III structure, 
very probably h>1°FH, (19). Con- 
firmatory evidence for this proposed 
structure comes from a study of the sub- 
strate specificity of the hFH, dehydro- 
genase, as described below. 

While HCHO and FH, react rapidly 
in the absence of enzyme to form a prod- 
uct which is active in systems requiring 
hFH,, the reaction is not confined to a 
single product as in the enzymatic syn- 
thesis. Various spectroscopic complexes, 
whose Amax, range between 290 and 300 
mp, are formed when increasing amounts 
of HCHO are added to FH,. This result 
is not unexpected, for FH, contains sev- 
eral potential sites, namely, the N%, N5, 
N8, and N?° positions, for binding 
HCHO. 


Reactions Involving “Active Formate” 


Hydroxymethyl tetrahydrofolic acid 
(hFH,) dehydrogenase. The metabolic 
equivalence of formyl and hydroxymethyl 
donors in early tracer studies of C, reac- 
tions (that is, the labeling of the C-2 po- 
sition of the purine ring both by formate 
and by the B-carbon atom of serine) pre- 


supposed the existence of a system for 
the interconversion of the two oxidation 
states. A TPN-linked dehydrogenase, car- 
rying out this interconversion, was first 
described by Jaenicke (20) and by 
Greenberg et al. (21) and was later ob- 
tained in purified form in our laboratory 


(22). The over-all reaction is shown in 
Eq. 3. 


hFH, + TPN* = fFH. + TPNH + H*. (3) 


For the moment, the precise nature of 
hFH, and fFH, is not specified. Reaction 
3 is best studied in conjunction with re- 
actions 2b or 2a, serine or HCHO being 
used to generate hFH,. When crude de- 
hydrogenase preparations are used, the 
accumulated reaction product, fFH,, is 
the N?°-isomer, f1°FH,. However, when 
dehydrogenase preparations are freed 
from the enzyme, cyclohydrolase (23), 
which carries out reaction 4, 


(fF H.)* + H.O = f°FH.it+ H* (4) 


the end product of reaction 3 is f>-2°FH,. 
With purified dehydrogenase prepara- 
tions, f>1°FH,, but not f!°FH, or 
fSFH,, serves as a substrate for reaction 
3 in reverse. Similarly, f1°FH, (but not 
fFH, or f1°FH,) can be reduced quan- 
titatively with borohydride, and the prod- 
uct is identical to authentic hFH, as 
measured by absorption spectrum and 
enzymatic assays. The experiments cited 
above provide support for the hypothesis 
that both hFH, and fFH, in reaction 3 
are the N®, N?°bridge compounds. 
Greenberg and Jaenicke (7) and Kisliuk 
(24) have also suggested that hFH, is 
h5-°FH,. 

The equilibrium constant for reaction 
3 is near unity at pH 8.0 (the pH opti- 
mum for the enzyme), and the extent of 
the reaction is dependent, of course, 
upon H+. This can be demonstrated by 
starting with f!°FH, (in the presence of 
cyclohydrolase) and following the disap- 
pearance of TPNH spectrophotometri- 
cally at 340 mu. After the equilibrium 
position has been established, the reac- 
tion may be driven further to the left, 
as evidenced by further disappearance 
of TPNH, by the addition of H*, or by 
the addition of glycine (to “trap” hFH, 
via reaction 2b). 

In addition to facilitating the inter- 
conversion of C, units at the levels of 
formyl and hydroxymethyl, the dehydro- 
genase can be used as a spectroscopic 
“marker” for following a variety of re- 
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actions (see Fig. 1) that involve hFH, 
or fFH,. Furthermore, the equilibrium 
of the dehydrogenase itself (and, of 
course, any coupled system involving the 
dehydrogenase) can be manipulated in 
either direction—for example, by trap- 
ping TPNH via the glutathione reductase 
system or by trapping TPN with glucose- 
6-phosphate dehydrogenase. 

N-formyl tetrahydrofolic acid 
(f1°FH,) deacylase. Studies with the de- 
hydrogenase in beef and pigeon liver 
preparations led to the discovery of a 
deacylase (25) specific for f1°FH,: 


f°FH.+ He —- HCOOH+FH, (5) 


This enzyme is present in beef liver 
preparations but absent from pigeon liver 
preparations. When the dehydrogenase 
was studied with the latter tissue, the 
amounts of TPNH and f!°FH, formed 
during the reaction were equal. With the 
former tissue, the amount of accumu- 
lated f!°FH, was much less than the 
TPNH because of the concomitant ac- 
tion of the deacylase. The deacylase has 
been partially purified from beef liver 
preparations; it can be added to pigeon 
liver dehydrogenase to produce the beef 
liver pattern (that is, TPNH > f!°FH,). 
A more simplified assay for the deacylase 
consists of incubating f1°FH, (absorp- 
tion maximum at 258 mp) directly with 
the enzyme and measuring the increase 
in optical density at 300 mp as FH, is 
produced. Since small quantities of for- 
mate are difficult to estimate, the stoichi- 
ometry of reaction 5 has been studied 
with respect to FH,. 5,6,7,8-Tetrahydro- 
folic acid (FH,) has been identified by 
its activity with the formate-activating 
enzyme (see below) and by its activity 
in the coupled hydroxymethylase-dehy- 
drogenase system: 


Serine + FH, + TPN* = 
glycine + f°FH.+ TPNH +H* (6) 


The deacylase for f1°FH, probably 
serves to regenerate FH, in the absence 
of actively functioning acceptors for “ac- 
tive formyl,” much as the deacylase for 
acetyl coenzyme A provides a means for 
regenerating coenzyme A in the absence 
of acceptors for “active acetate.” 

Formate-activating enzyme. Since free 
formate has long been known to enter 
metabolic systems involving “active for- 
myl” and “active hydroxymethyl” groups, 
it was anticipated that there would be 
a formate-activating enzyme. Formate 
activation was first reported (27, 26) in 
connection with studies of the biosynthe- 
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Fig. 1. Metabolic interrelationships of active C; units. 


sis of purines, and the following stoichi- 
ometry was proposed: 
Mg++ 
HCOOH + ATP + FHi——> 
f'FH.t ADP+Pi (7) 


The formation of ADP and P, as end 
products makes this reaction similar to 
the activation of glutamate or succinate. 
In contrast, the activation of other car- 
boxylic acids, such as acetate or butyrate, 
produces AMP and PP as end products. 
Using a highly purified activating enzyme 
from Micrococcus aerogenes, we have 
shown (27) that the sequence in reaction 


/ Is 


ATP+FH.=ADP+pFH. (7a) 
pFH, + HCOOH = f°FHi+ Pi (7b) 


The mechanism thus resembles that 
proposed for the formation of succinyl- 
CoA, where S-phosphoryl CoA is the 
analogous intermediate (28). Spectro- 
scopic evidence has been adduced for re- 
action 7a; when enzyme and ATP are 
added to FH,, the peak at 300 mu shifts 
to shorter wavelengths, and ¢ deczeases 
about 15 percent. “pFH,,” labeled with 
P82, has also been isolated from reaction 
mixtures by use of ATP®2, Reaction 7a 
is also followed conveniently by measur- 
ing the liberated ADP with the coupled 
system employing pyruvic kinase and 
lactic dehydrogenase: 


ADP + phospho-enol pyruvate = 
ATP+pyruvate (8) 


Pyruvate + DPNH + Ht => 
lactate+DPN* (9) 


The observed reaction product in Eq. 7 
is f1°FH,. Since the purified bacterial 
enzyme contains no cyclohydrolase, it 


seems probable that f>?°FH, is not an 
intermediate in this reaction. Conse- 
quently, it would seem most likely that 
the intermediate in reactions 7a and 7b, 
pFH,, is N1°-phosphoryl FH, (p?°FH, 
in our symbols), but the verification of 
this assumption must await the unam- 
biguous chemical synthesis of this com- 
pound. 

N®-formyl tetrahydrofolic acid (f°FH,) 
isomerase. In all of the studies men- 
tioned above, f1°FH, or f52°FH, has 
been involved as the “active formyl” 
group. The question may be raised, 
therefore, about the relationship of the 
classical formyl isomer, f5FH, (folinic 
acid), to “active formate.” Except for 
the formylation of glutamate (29), 
where f5FH,, rather than f!°FH, or 
f5>-10FH,, is the formyl donor, folinic 
acid is curiously inert metabolically. 
There is, however, an enzyme system 
(30) present in many tissues which brings 
about the apparently unidirectional iso- 
merization of f>FH, to ft°FH, via the 
following reaction: 


Mg++ 


SFH,+ATP—> 
f°FH.+ADP+P, (10) 


Recent studies by Peters and Greenberg 
(31) have suggested that AMP and PP, 
rather than ADP and P,, are the reaction 
products. It has been established (37, 32) 
that reaction 10 in certain tissues may be 
separated into two separate steps: 


FH, + ATP > 
f"FH,+ADP+P, (10a) 
(or AMP + PP) 


and 


f°FH,+H:O—-> fFH. (10b) 
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Reaction 10b is catalyzed by cyclohy- 
drolase, while the enzyme responsible 
for reaction 10a may be termed cyclode- 
hydrase, by analogy to the cyclodeamin- 
ase reaction studied by Rabinowitz and 
Pricer (23): 


fiiFH, > fF H. + NHs (11) 


Biosynthesis and breakdown of purine 
and histidine. The laboratories of Bu- 
chanan (33), and G. R. Greenberg (26) 
have shown that both the 2- and 8-carbon 
atoms of the purine ring arise by the 
action of a specific transformylase with 
fOFH, (or f>-!°FH,) as the formyl 


donor. 


oO 0 
i re Nal Brae (12) 
fo i ¥ 


R-5-P RSP 


In contrast, the breakdown of purines, at 
least in certain bacterial systems, is much 
more complicated. Cleavage of xanthine 
gives rise to CO, from the C-2 position, 
but the C-8 carbon emerges as the form- 
imino group, H—C=NH, of form- 
iminoglycine (FIG) (23, 34): 


OH 
NH. 
ZA a 
4. Mea acces 
ere 2 
/ Go 
= N HOOC HN 
oe s H (FIG) 


Formiminoglycine is then decomposed 
according to the sequence: 


FIG + FH, — fiFHi+ glycine (14) 


followed by reactions 11 and 10b. Simi- 
larly, in mammalian liver (35), histidine 
is degraded to the analogous intermedi- 
ate, formiminoglutamic acid (FIGlu), 
which, in turn, is metabolized by a 
series of reactions analogous to 14, 11, 
and 10b. The pathway of histidine bio- 
synthesis has not yet been elucidated 
fully, although the involvement of a 
formyl or formimino group has been 
demonstrated. 

Formate exchange into pyruvate, Re- 
cent reports (36) indicate that the ex- 
change of HC'*OOH into pyruvate by 
crude extracts of Escherichia coli is stim- 
ulated by the addition of FH,. Similar 
results have been obtained with extracts 
of Micrococcus aerogenes and Micro- 
coccus lactilyticus (37). However, the 
identity of the C, complex participating 
in the exchange reaction is not known, 
and the mechanism of the reaction has 
not been established. In the anaerobic 
micrococci the exchange reaction does 
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not occur via serine as an intermediate— 
that is, by synthesis of serine from for- 
mate and endogenous glycine followed by 
deamination to pyruvate. 

Structure of “active formate.” Because 
of its early recognition, folinic acid 
(f5FH,) was assumed to be the “active 
formate” in C, metabolism. Subsequent 
work with purified enzyme systems, how- 
ever, has revealed that f>FH, functions 
only in the formylation of glutamate 
(29) and in the isomerase reaction (Eq. 
10). As shown in Fig. 1, f*?°FH, or 
fl0FH, is the formylating agent in all 
other reactions. 


Interconversion of Formyl 
and Hydroxymethyl Groups with 
Methyl Groups 


Although the details of the enzymatic 
pathways concerned with thymine and 
methionine synthesis are not fully known, 
the methyl groups of these compounds 
have been shown to be interconvertible 
with formyl and hydroxymethyl groups 
(5). It seems probable also that the 
transfer of the C, group occurs at the 
hydroxymethyl level rather than at the 
formyl level (38). In thymidine synthe- 
sis, uracil deoxyriboside (39) [or ribotide 
(40)]}, rather than free uracil, has been 
implicated as the C, acceptor. In methio- 
nine synthesis, homocysteine serves as 
the acceptor. The above reactions may be 
generalized in the following sequence, 
where A represents either uracil deoxy- 
riboside or homocysteine, h-A the cor- 
responding hydroxymethyl derivatives, 
and m-A the methyl derivatives: 


hFH,+ A=h-A+FH, (15a) 


(2H) 
h-A=m-A (15b) 


Both thymidine (39, 40) and methionine 
(41) syntheses have been studied in crude 
extracts, and it has been shown that the 
required components are (i) the acceptor 
(uracil deoxyriboside or homocysteine) ; 
(ii) a hydroxymethyl source and FH,; 
(iii) a reducing source, usually DPN, al- 
though this may not be the actual [2H] 
shown in reaction 15b; and (iv) ATP, 
perhaps to promote the condensation in 
reaction 15a. 

Reaction 15b is of great interest when 
uracil deoxyriboside is the acceptor be- 
cause it seems most probable that the 
over-all requirement for vitamin B,, in 
thymine synthesis can be narrowed down 
to this step. The possibilities that, the 
porphyrin-bound cobalt of vitamin B,, 


passes through an oxidoreduction cycle 
during reaction 15b deserve investiga- 
tion. 

The sarcosine-to-serine conversion (42) 
is also of interest, for it represents the 
hydroxymethyl — methyl sequence in re- 
verse and is carried out intramolecularly: 


CH, COOH 7] Ss 
= [ a Coon | Oe ~CH-cooH (16) 
N 


HN = CH, H ~ CH,OH | OH NH, 


? 


This reaction has been demonstrated in 
intact mitochondria (42) or digitonin 
extracts of mitochondria (43), but the 
cofactor requirements or intermediates 
are presently unknown. 


Biosynthesis of 
Folic Acid Coenzymes 


The above reactions emphasize the 
role of reduced folic acid (FH,) as the 
coenzyme, or carrier, of the C, groups. 
The formation of FH, from the vitamin, 
folic acid, has been the subject of recent 
investigations. Wright et al. (44) have 
shown in a bacterial system that folic 
acid is reduced to dihydrofolic acid dur- 
ing operation of the pyruvic oxidase. In 
chicken liver extracts both steps in the 
reduction of folic to tetrahydrofolic acid 
require TPNH (45, 46). 

In our laboratory (47), a TPN-linked, 
dihydrofolic reductase has been purified 
from avian liver and shown to catalyze 
the final step in FH, biosynthesis: 


FH. + TPNH + H* > FH. + TPN* (17) 


The equilibrium at pH 7 for reaction 
17 lies far to the right. At extremely low 
concentrations (about 10°7M), the folic 
acid antagonists, aminopterin and ameth- 
opterin, are extremely potent competi- 
tive inhibitors of FH, in the reaction 
(48). 


Summary 


The above reactions involving “active 
formyl” and “active hydroxymethyl” 
groups, their interconversion, their con- 
nections with free HCOOH and HCHO, 
and their interdigitation with methyl 
groups are diagrammed in Fig. 1. 
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major basic information concerning the 
identification, nature, initial orbit, and 
survival characteristics of these various 
satellites. Identification is by year, in the 
order of launching according to the 
Greek alphabet. When more than one 
component of a launching is optically 
detectable, the components are identi- 
fied by Arabic numerals following the 
Greek letter, in order of decreasing op- 
tical brightness. Other entries of Table 1 
are self-explanatory or are described in 
the legend. 

The orbital elements of artificial satel- 
lites are subject to fairly rapid and ma- 
jor changes arising from the earth’s devi- 
ation from sphericity and from the effect 
of atmospheric drag. The major effect 
of the earth’s equatorial bulge is to pro- 
duce a regression of the orbital nodes— 
the intersection of the equatorial and 
orbital planes—in a westerly direction 
for eastward-moving satellites such as 
now are aloft. The rate depends upon 
the orbital inclination and physical di- 
mensions. The direction from the center 
of the earth to minimum distance (peri- 
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This article is based on a paper presented 25 Apr. 
1958 before the American Philosophical Society 
and is reprinted, with permission, from the Pro- 
ceedings of the American Philosophical Society, 
vol. 103, No. 3 (June 1958). 
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\s. Table 1. Artificial satellite parameters. Parentheses denote estimated value; “equals” sign denotes value expected to be equal to that for 
) — the component from the same launching given in preceding column. Experiments: (a) satellite temperatures; (b) meteors; (c) cosmic 
a rays; (d) solar radiation; and (e) biological. [Prepared by G. F. Schilling] 
vee 
"Biol. 1957 al 1957 a2 1957 a3 1957 B1 1957 62 1958 a 1958 61 1958 62 1958 + 
Parameters (Carrier (Sput- (Nose- (Sput- (Nose- (Ex- (Carrier (Van- (Ex- 
chem. rocket) nik I) cone?) nik II) cone?) plorer I) rocket) guard I) plorer III) 
HA oF 
5705 Launching date (U.T.) 4 Oct. 4 Oct. 4 Oct. 3 Nov. 3 Nov. 1 Feb. 17 Mar 17 Mar. 26 Mar. 
Launching time (U.T) ? = = 04 40? = 03 48 12 16 = 17 38 

ovelli, Injection time (U.T.) ? ? ? ? ? 03 55 12 26 = 17 45 

ts 57, Initial period (min) 96.2 96.2 = 103.7 “ 114.95* 134.29* 134.29* 115.91* 
Initial apogee (km) 950 950 = 1670 = 2540 3965 3965 2800 
Initial perigee (km) 225 225 = 240 = 368 652 652 188 

on, J. Inclination (°) 65.3° 65.3° = 65.4° 33.14° 34.30° 34.30° 33.5° 

Biol. Eccentricity 0.051 0.051 = 0.0876 = 0.139 0.191 0.191 0.166 

ta 24 Length (cm) ? 58 ? ? ? 200 145 16.4 200 

Gelilel Diameter (cm) ? 58 ? ? ? 15.3 46 16.4 15.3 

ear Weight (kg) (2690) ? 83.6 ? (3200) ? ? 14 23 1.47 14.1 

ne 1 Payload weight (kg) ? 508.3 5 None (1.0) 5? 

HB Radio transmission (Mcy/sec) 40.002 40.002 108.00 FM None 108.00 108.00 

Tepe Radio transmission (mw) 1000 ? 10 10 10 

: Radio transmission (Mcy/sec) 40.005 40.005 108.03 AM None 108.03 108.03 
pt Radio transmission (mw) 1 ? 50 5 50 
Battery life-time (day) 21 7 60 and 11 ? 60 

. Biol. Satellite life-time (day) 58 92 ? 161 ? (3-5 yr) (Many yr) (Many yr) (Months) 
Effective mass-area ratio 5.6 

. 36C, (g/cm?) ? (14.5) ? (24.1) ¢ ? (17.2)? ? 5.5¢ 3.8 3.96+ Geophysical 

York, Instrumentation for 

scientific experiments None a,b None a, b,c, d,e None a,b,c None a a, b,¢ 
‘rman, * 
* Anomalistic period. +} Antenna drag effects taken into account. 

ochim. 

sales gee), moves forward (eastwardly) for Sciences and with the financial assist- Program and (ii) the Precision Photo- 
inclinations below about 63° and retro- ance of the National Science Founda- graphic Program. 

7 499 grade (westerly) for greater inclinations. tion, has assigned to the Smithsonian The Moonwatch observers utilize small 
The nature of these motions is indi- Astrophysical Observatory the task of |= monocular telescopes, usually of aper- 
cated in Fig. 1. Various periodic effects optically tracking the artificial earth ture of 50 millimeters with a magnifying 
are superimposed upon these secular satellites. The optical tracking program _ power of 6, so aligned as to form an op- 
changes, but the equatorial bulge pro- is under the immediate supervision of J. tical fence along the local meridian or, 

g the duces no secular terms in the semimajor § Allen Hynek. The program was started _—_in some cases, at other angles for best 

, and axis or eccentricity of a satellite orbit. in 1956 and is divided into two major observations of satellites of high inclina- 

arious The effect of the earth’s atmosphere sections: (i) the Volunteer Moonwatch tions (Fig. 3). The precision photo- 

in the is to reduce the angular momentum of 

> the a satellite, the physical resistance occur- 

n one ring mostly in the neighborhood of the Motion in degrees per day 

tically perigee because of the exponential-type wt “5° “10° “15° 

denti- decrease of atmosphere with altitude. As 

ig the a consequence, the maximum, or apogee, 

ig Op- distance of the satellite decreases more = 

able 1 rapidly than the perigee, which remains 

ved in fairly constant until the eccentricity has Ls 
become rather small. Typical changes of 

satel- apogee and perigee (/) are illustrated in 60° 

d ma- Fig. 2 for an arbitrary time scale. Hence, | 

s devi- measurements of the orbital elements of  & so° 

effect satellites can give direct information con- % 

effect cerning the distribution of air density at i ia 

oO pro- high altitudes and the dynamical flatten- F 

odes— ing of the earth, or the extent of equa- 

il and torial bulge. = N\ 

rection XM 

ich as 20° 

; upon Optical and Radio Tracking ‘ 

cal di- 10° 

center The artificial earth satellites have been \ 

(peri- put into orbit as a part of the program © 
of the International Geophysical Year. 

n Astro- i i i Node Solar Motion Perigee Perigee 

age Both radio and optical tracking have a ieee Pa, ~~ & 

isueisity: been conducted on an_ international 3 : 

95 poe asin. The U.S: ‘Nesionsl Cotinittee of Fig. 1. Secular changes in the orbits of near-earth satellites. [Based upon calculations by 

Society h ; raed , L, E. Cunningham, from “The motion of a nearby satellite with highly inclined orbit,” 

= P ~ the International Geophysical Year, as a presented before the meeting of the American Astronomical Society, Berkeley, California, 

if cats committee of the National Academy of August 1956] 
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graphic system uses astronomical cam- 
eras of 20-inch aperture and 20-inch 
focal length, which utilize strip film of 
5° by 30°. Twelve stations are planned, 
to be distributed around the earth be- 
tween latitudes 37°N and 32°S; these 
were scheduled to be in full operation 
by June 1958. Karl G. Henize super- 
vises the photographic program. 

Project Vanguard, under the direction 
of the U.S. Naval Research Laboratory, 
bears the major responsibility of track- 
ing the IGY satellites by radio signals 
originating in the satellites. Seven of 
nine Minitrack receiving stations, oper- 
ated by the U.S. Army, are distributed 
near the 75th westward meridian to con- 
stitute a radio fence. A second system 
of radio tracking, the Microlock system, 
has been developed by the Jet Propul- 
sion Laboratory of Pasadena and shares 
the responsibility for radio tracking. 
Various powerful radar telescopes have 
been successful in tracking the rocket 
stages of the Russian satellites and have 
contributed enormously by making ob- 
servations of their death throes. Particu- 
larly important are the great 250-foot 
radio telescope at the Jodrell Bank 
Experimental Station in England, the 
80-foot radar of Project Lincoln in Mas- 
sachusetts, and the 60-foot radar of Stan- 
ford in California. 

Of some 230 volunteer Moonwatch 
stations registered in April 1958, 126 are 
in the United States. The other stations 
are operated through their respective Na- 
tional Committees of the International 
Geophysical Year and include some 70 
stations in Japan and a number in Aus- 
tralia and South Africa. Represented are 
South America, Central America, the 
East Indies, Canada, and other coun- 
tries. In addition, the U.S.S.R. has or- 
ganized some 70 Moonwatch stations, 
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Fig. 2. Variation of perigee and apogee 
altitude with number of revolutions and 
with time. 
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Fig. 3. Terre Haute, Indiana, Moonwatch station. 


following the basic principles of opera- 
tion and equipment utilized in the U.S. 
IGY program. Our program is under the 
immediate supervision of Leon Camp- 
bell, Jr., while Armand Spitz has been 
responsible for much of the organization. 

More than 3000 observations of the 
various artificial satellites had been made 
by 179 of these volunteer Moonwatch 
stations by 1 April 1958. The program 
has thus become much more extensive 
and even more vital to the satellite track- 
ing program than was originally ex- 
pected. Planned as a program to “back 
up” the radio satellite tracking program 
in case of radio failure and as a system 
for observing the later stages of satel- 
lites as they finally plummet through the 
atmosphere, Moonwatch became the pri- 
mary network for tracking the huge 
rocket stages of the U.S.S.R. satellites 
after the batteries of the radios were ex- 
hausted. The high inclinations of these 
satellite orbits reduced the observational 
opportunities for the photographic track- 
ing stations located at lower latitudes, 
while the early firings of the Russian 
satellites occurred before the completion 
of the photographic network. 


Photographic Telescopes 


Although photographic tracking of 
the rocket stages of the Russian satellites 
at distances of only a few hundred miles 
is relatively simple, photographic tele- 
scopes are designed to track 20-inch 


spheres to a distance of 2000 miles. An 
extremely powerful optical system (2) 
was designed by James G. Baker and 
produced by the Perkin-Elmer Corpora- 
tion. The mechanical system, designed 
by J. Nunn and constructed by the Boller 
and Chivens Company, facilitates the 
following of rapid motions of small satel- 
lites from rough prediction data with- 
out visual acquisition. Hence, the 
mounting is triaxial (Fig. 4), so that the 
camera can be pointed at any direction 
in the sky and adjusted to follow at any 
angular velocity up to 2° per second 
along an arbitrarily chosen great circle. 
A cycling system makes it possible to 


Table 2. Air densities. 








Geometric Air density 
height (km) (gm/cm*) 
120 6.91 x 10-2 
130 3.01 x 10-4 
140 1.49 x 10-42 
150 8.07 x 10-12 
160 4.70 x 10-12 
170 2.89 x 10-12 
180 1.87 x 10-12 
190 1.25 x 10-22 
200 8.63 x 10-18 
210 6.04 x 10-18 
220 4.47 x 10-18 
230 3.32 x 10-38 
240 2.51 x 10-18 
250 1.93 x 10-18 
260 1.51 x 10-18 
270 1.19 x 10-18 
280 9.51 x 10-14 
290 7.68 x 10-4 
300 6.27 x 10-14 
310 5.16 x 10-14 
320 4.29 x 10-14 
330 3.58 x 10-14 
340 3.02 x 10-14 
350 2.55 x 10-14 
360 2.18 x 10-14 
370 1.87 x 10-4 
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photograph a moving satellite as a fixed 
point on a single photographic frame 
and, for reference, a fraction of a cycle 
later to photograph the star background 
without trailing. Time is maintained at 
each station by a precision crystal clock, 
built by the Norrman Company. As a 
rotating shutter periodically occults the 
trailing star images while the satellite is 
being photographed, the time of the cen- 
tral occultation is photographed on the 
film to a readable precision of 0.0001 
second and a realistic precision of about 
0.001 second, limited by the variations 
in ionospheric path of the calibrating sig- 
nals from the time standard WWV of 
the National Bureau of Standards in 
Washington, D.C. 

Figure 5 shows the first image of Ex- 
plorer I, 19580, photographed on 18 
March 1958 by Robert Cameron at the 
satellite tracking station near Johannes- 
burg, Orange Free State, Union of South 
Africa. The power of the photographic 
system is indicated. by the fact that the 
satellite, optically a 6-inch cylinder 
painted white over a length of about 40 
inches, was photographed at a distance 
of some 700 miles when it was moving 
at a rate of 5 miles per second. Figure 6 
is a reproduction of the first photograph 
of Vanguard 195861, the rocket stage, 
optically equivalent to about a 20-inch 
perfectly reflecting sphere. This photo- 
graph was made on 19 March 1958 by 
E. Horine and J. Emerson at Organ Pass, 
New Mexico; they were using a Super- 
Schmidt meteor camera of the Harvard 
Meteor Program in New Mexico. 


Major Results 


The major result obtained to date 
from the tracking of the first three arti- 
ficial earth satellites is the determina- 
tion of atmospheric density at altitudes 
of from 120 to 204 miles, where air den- 
sities are too low for determination by 
sounding rockets. This result is derived 
from the rate of orbital shrinkage aris- 
ing from air drag and indicates air den- 
sities at 120 miles some five times greater 
than was anticipated on the basis of pre- 
vious information. The results obtained 
by T. E. Sterne, B. Folkart, and G. F. 
Schilling (3) are presented in Table 2 
for an altitude range from 120 to 370 
kilometers. At the greater altitudes given 
in Table 2 the extrapolation based upon 
the measures from the first two U.S.S.R. 
satellites has been confirmed by T. E. 
Sterne (4) from observations of Explorer 
I. The temperatures corresponding to 
the density measurements depend upon 
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the unknown mean molecular weight of 
the atmosphere. at the altitudes involved 
but probably will be higher than ex- 
pected. Near an altitude of 390 kilo- 








meters the temperature is 3000°K, to be 
corrected by the ratio of the actual mean 
molecular weight of the atmosphere to 
the assumed value of 29.0 atomic units. 


Fig. 4. A Baker-Nunn satellite tracking camera. Karl G. Henize in foreground. 





Fig. 5. Photograph of 19580 (Explorer I) taken on 18 March by Robert Cameron at the 
Olifantsfontein, South Africa, satellite tracking station. 
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Since the orbital shrinkage by atmos- 
pheric drag occurs mostly near the peri- 
gee, satellites of greater perigee distance 
will be required in order to extend these 
atmospheric density determinations to 
much greater heights. With its tremen- 
dous perigee height of 405 miles, 195882 
(Vanguard) will lead to an extension of 
these data. 

Orbital calculations have been carried 
out at the Smithsonian Astrophysical 
Observatory by the No. 704 calculator 
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Fig. 6. The 


first photograph of Satellite 19 


of the International Business Machines 
Corporation (5). The orbital planes of 
the satellites have moved in the expected 
sense and amount within the degree of 
accuracy that the analysis to date has 
permitted. Thus, 19570 and B showed a 
nodal regression of 3.1° per day and 
19580, of some 4.3° per day. Perigee 
motions also are consistent with theory. 
A definitive analysis of the optical data 
from the two Russian satellites should 
lead to an improved value for the dy- 
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58B1 (third stage rocket of Vanguard), taken 


on 19 March by E. Horine and J. Emerson at Organ Pass, New Mexico, with a Harvard 


Super-Schmidt meteor camera. 
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Fig. 7. Rate of change of the anomalistic period as a function of time (195781). 
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namical oblateness of the earth that pro- 
duces these perturbations. 

The Moonwatch observations during 
the demise of U.S.S.R. satellites 195701 


and 195761 indicate that as these 
rocket stages enter the lower atmosphere 
they glow like meteors for about a revo- 
lution before their final disintegration 
and plunge to the earth’s surface. The 
rocket stage 1957a1 appeared as a very 
bright object in the late afternoon sky 
to the Moonwatch team at Los Altos, 
and over San Diego, California, nearly 
a revolution before it appeared similarly 
at two stations in Siberia. Its final 
breakup was not certainly observed. In 
the case of 19578, the rocket was seen 
after the end of the twilight period by 
Canadian and New England Moonwatch 
teams as a fourth-magnitude glowing ob- 
ject. A few minutes later it disrupted 
in a great meteor-type display over the 
Barbados Islands, but part of the rocket 
may have persisted beyond. Thus the 
heavy satellite rocket stage was in effect 
a meteor for an appreciable fraction of 
a revolution around the earth, 

A detailed study of these phenomena 
will be of interest with regard to the in- 
teraction between metallic surfaces and 
the very high atmosphere, both at night 
and under solar illumination. Of aero- 
dynamic interest is the fact that both 
rocket stages apparently stopped tum- 
bling and oriented themselves like arrows 
during their last few revolutions. 


Precision Observations 


The longer range program with the 
precision photographic cameras will in- 
volve extremely precise tracking and 
computations in which the satellite is in 
effect a triangulation target for geodetic 
measures. The tracking cameras should 
be able to provide positions accurate to 
about 2°-seconds of arc normal to the 
trail and 10 feet at 200 miles distance 
and, along the trail, to an accuracy of 
0.001 second or approximately 25 feet. 
Thus, the geometrical analysis, coupled 
with the most precise orbital calcula- 
tions, should lead to determinations of 
the relative positions of the stations with 
respect to the center of the earth to an 
accuracy of some 30 feet, approximately 
ten times the present available precision. 
Thus, the geodetic systems of the vari- 
ous continents can be interrelated with 
this high degree of accuracy, the oblate- 
ness of the earth derived to this accu- 
racy, and a more exhaustive search made 
for lack of circular symmetry around 
the equator. In addition, the orbital vari- 
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ations will measure gravitational irregu- 
larities, or gravitational anomalies, on 
the earth and determine more precisely 
the distribution of matter within the 
earth, These results will derive from a 
great many precision observations of 
satellites for which atmospheric drag can 
be calculated with assurance—in other 
words, circular satellites, giving a uni- 
form cross section for atmospheric re- 
sistance. Figure 7 shows the variations 
in the change of orbital period for 
1957B1 as derived by L. G. Jacchia (6). 
The elongated object presented a vary- 
ing frontal area with consequently great 
irregularities of motion. Predictions for 
such satellites can be made only a few 
days in advance, and variations in atmos- 


pheric density cannot readily be meas- 
ured. The rocket stage of 19586 gives 
great promise of being extremely valu- 
able for these geodetic purposes because 
of the great perigee distance. Even 
though the drag itself may not be pre- 
dictable with precision, its amount is so 
small that good results are to be expected 
from precision observations of the rocket 
stage. The satellite itself, of course, can 
scarcely be the object of routine obser- 
vations by any of the available photo- 
graphic techniques. A more massive 
satellite, therefore, in an orbit with a 
very high perigee is the most desirable 
type for such geodetic investigations, 
and we expect such satellites to be 
launched in the near future. 


News of Science 


Rockefeller Panel Urges Education Changes 


On 22 June the Special Studies Project 
of the Rockefeller Brothers Fund released 
a report by its Panel V on “The Pursuit 
of Excellence: Education and the Future 
of America.” The panel consisted of 15 
educators and editors headed by John W. 
Gardner, president of the Carnegie Cor- 
poration of New York. Earlier reports 
in the Special Studies series have ex- 
amined military security, economic and 
social matters, and foreign trade policy. 

Following is the report as excerpted in 
the New York Times. The full report has 
been published as a Doubleday News 
Book. 


I. The Dignity of the Individual 


Ultimately the source of a nation’s 
greatness is in the individuals who consti- 
tute the living substance of the nation. A 
concern for the realization of individual 
potentialities is deeply rooted in our 


moral heritage, our political philosophy, . 


and the texture of our daily customs. 

Our devotion to a free society can only 
be understood in terms of these values. 
It is the only form of society that puts 
at the very top of its agenda the oppor- 
tunity of the individual to develop his 
potentialities. But in its deepest sense our 
concern for human excellence is a reflec- 
tion of our ideal of the overriding impor- 
tance of human dignity. 
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Our success or failure in this task is 
of crucial importance not for ourselves 
alone. All over the world peoples are 
striving for a new and fuller meaning 
of life. No challenge is more important 
than to give concrete meaning to the idea 
of human dignity. 


II. The Nature of the Challenge 


A. The setting of the problem: our 
population characteristics. Since 1950 on 
an average day there has been a net rise 
of about 7600 in the population; over the 
year, a rise of some 2,800,000. This may 
give us a population of not quite 225,- 
000,000 by 1975. 

The age composition of the population 
in 1975 will differ markedly from that 
of 1955. The recent baby boom will have 
resulted in an enormous increase in age 
groups 15 to 24; and as our present mid- 
dle ages attain the later brackets, there 
will be a large increase in the age 65 and 
over. 

This pattern of future population will 
present two vital problems. The first 
concerns the flood of young people who 
will place an immense pressure on educa- 
tional institutions in the next 20 years, 
and on the labor market shortly there- 
after. The second problem involves the 
social and individual problems posed by 
a rapidly expanding older group. 
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B.The changing demands of society and 
the pressure on the supply of talent. One 
of the striking features of contemporary 
life is the growing range and complexity 
of the tasks on which our social organi- 
zation depends. This is dramatically ap- 
parent in science but is no less a reality 
in nearly every field of endeavor. 

The demand for highly trained talent 
is not a sudden development. It has been 
coming for a long time. The increase in 
skill and training needed by our labor 
force can be expected to accelerate in the 
years ahead. Automation will reduce the 
number of routine jobs and will replace 
them by more demanding tasks of super- 
vision, maintenance and regulation in ad- 
dition to the production of the machines 
themselves. 

There is 2 constant pressure by an ever 
more complex society against the total 
creative capacity of its people. Our most 
critical need a decade hence may be un- 
known today. Rather we must prepare 
ourselves for a constant and growing de- 
mand for talents of all varieties, and 
must attempt to meet the specific needs 
of the future by elevating the quality and 
quantity of talented individuals of all 
kinds. 

One of our great strengths as a people 
has been our flexibility and adaptability 
under the successive waves of change that 
have marked our history. Never have we 
needed the trait more than today. It is 
for this reason that we should educate our 
young people to meet an unknown need 
rather than to prepare them for needs al- 
ready identified. 

C. The problem of change. One of the 
characteristics of a dynamic society is 
that its frontiers are constantly changing. 
The frontier of today becomes the famil- 
iar territory of tomorrow. 

A dynamic society requires above all 
receptivity to change. 

D. The social ceilings on individual 
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performance. A consequence of the com- 


plexity and specialization of modern so-. 


ciety has been the increasing prominence 
of organization in our lives. But while 
complex organization is necessary, it is 
also costly. It is often a stifling atmos- 
phere for the exercise of individual crea- 
tivity, and it may induce a conformity 
that becomes a threat to the society’s 
vitality. 

E. Excellence in a democracy. The 
eighteenth-century philosophers who 
made equality a central term in our po- 
litical vocabulary never meant to imply 
that men are equai in all respects. Nor 
do Americans today take such a view. 
It is possible to state in fairly simple 
terms the views concerning equality 
which would receive most widespread 
endorsement in our country today. The 
fundamental view is that in the final 
matters of human existence all men are 
equally worthy of our care and concern. 
Further, we believe that men should be 
equal in enjoyment of certain fami iar 
legal, civil and political rights. They 
should, as the phrase goes, be equal 
before the law. 

But men are unequal in their native 
capacities and their motivations, and 
therefore in their attainments. In elabo- 
rating our national views of equality, 
the most widely accepted means of 
dealing with this problem has been to 
emphasize equality of opportunity. 

The great advantage of the concep- 
tion of equality of opportunity is that it 
candidly recognizes differences in en- 
dowment and motivation and accepts 
the certainty of differences in achieve- 
ment. By allowing free play to these 
differences it preserves the freedom to 
excel which counts for so much in terms 
of individual aspirations, and has pro- 
duced so much of mankind’s greatness. 

Every democracy must encourage high 
individual performance. If it does not 
then it closes itself off from the main- 
springs of its dynamism and: talent and 
imagination, and the traditional demo- 
cratic invitation to the individual to 
realize his full potentialities becomes 
meaningless. 

With respect to the pursuit of excel- 
lence there are several, considerations 
that we must keep firmly in mind. First, 
our conception of excellence must em- 
brace many kinds of achievements at 
many levels. Second, we must not as- 
sume that native capacity is the sole in- 
gredient in superior performance. Ex- 
cellence is a product of ability and 
motivation and character. Finally, we 
must recognize that judgments of differ- 
ences in talent are not judgments of 
differences in human worth. 


III. The Educational System 


A. The informal educational system. 
The formal educational system offers 
only part of the purposeful education 
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that goes on in a society. Family, church, 
and school share the fundamental re- 
sponsibility for education. But in a sense 
every institution in a society is con- 
stantly teaching its members, molding 
their behavior, contributing to their de- 
velopment: in childhood it may be the 
scout leader, the playground director, 
the policeman on the corner; in later 
years the employer, the union, the mass 
media. 

The most effective educational system 
can be defeated by a social environment 
that blunts or destroys aspiration. There 
can be no striving for excellence without 
models to inspire emulation. 

B. The formal educational system. 
Our schools are overcrowded, under- 
staffed, and ill-equipped. In the fall of 
1957, the shortage of public school 
classrooms stood at 142,000. There were 
1,943,000 pupils in excess of “normal” 
classroom capacity. These pressures will 
become more severe in the years ahead. 
Elementary school enrollments will rise 
from some 22,000,000 today to about 
34,000,000 by 1960-1961. By 1969 high 
schools will be deluged with 50 to 70 
percent more students than they can 
now accommodate; by 1975, our col- 
leges and universities will face at least 
a doubling and in some cases a tripling 
of present enrollments. 

If we are to meet these pressures, our 
schools will need greatly increased pub- 
lic support and attention, and much 
more money. But they also need some- 
thing besides money: an unsparing re- 
examination of current practices, pat- 
terns of organization, and objectives. 

From time to time one still hears ar- 
guments over quantity versus quality 
education. Behind such arguments is 
the assumption that a society can choose 
to educate a few people exceedingly 
well or to educate a great number of 
people somewhat less well, but that it 
cannot do both. But a modern society 
such as ours cannot choose to do one or 
the other. It has no choice but to do 
both. 

C. The teaching profession. The num- 
ber of new school teachers needed in 
the next decade is between one-third 
and one-half of all the four-year college 
graduates of every kind in the same pe- 
riod. The danger of a decline in the 
quality of our corps of teachers is ob- 
vious. 

The problem of recruitment is insepa- 
rable from the preparation required to 
enter the teaching profession. If the pro- 
grams for the preparation of teachers are 
rigid, formalistic and shallow, they will 
drive away able minds as fast as they are 
recruited. Unhappily, preparation for 
pre-college teaching has come all too 
close to that condition. In some states the 
requirements for certification are so tech- 
nical and trivial as to make it unlikely 
that individuals with a first-class liberal 


education would even apply—or be eligi- 
ble if they did apply. 

Fortunately, there appears to be a 
lively movement to correct these difficul- 
ties. As for the preparation of college 
teachers, the problem is one of reforming 
and expanding graduate education. There 
has been more emphasis on research and 
research training than on the preparation 
of teachers. 

But even with aggressive recruitment 
there appears to be little or no likelihood 
that we can bring into teaching at any 
level anything approaching the number 
of qualified and gifted teachers we need. 
We can be certain that there will never 
be enough teachers with the extraordi- 
nary human gifts which make for inspired 
teaching. We must therefore utilize our 
superior teachers more effectively. 

One way to make better use of the 
ablest teachers is to eliminate many of 
the petty tasks which occupy a teacher’s 
time. Less highly trained classroom assist- 
ants may accomplish much in the lighten- 
ing of this burden. Another measure is 
the employment of such devices as tele- 
vision to bring extraordinarily effective 
teachers into contact with larger numbers 
of students than they would otherwise 
face. Films may be similarly useful. 

Such innovations as the teacher aide 
and television should not be thought of 
as stopgap measures to surmount the im- 
mediate teacher shortage, but of the be- 
ginnings of a long overdue revolution in 
teaching techniques. 

But the root problem of the teaching 
profession remains financial. Salaries 
must be raised immediately and substan- 
tially. Almost as important is the fact 
that promotional policy for most school 
systems is routine and depends much 
more on seniority than on merit. 

D. The curriculum. At the pre-college 
level, the gravest problem today is to 
reach some agreement on priorities in 
subject-matter. This problem is particu- 
larly critical for those academically tal- 
ented students who will go on to college. 
Without presuming to lay down an in- 
flexible set of recommendations, we may 
suggest what these high-priority items in 
a solid high school curriculum might be 
for those of considerable academic abil- 
ity: 

In addition to the general education 
prescribed for all—four years of English, 
three to four years of social studies, one 
year of mathematics and one year of 
science—the academically talented stu- 
dent should have two to three additional 
years of science, three additional years of 
mathematics, and at least three years of 
a foreign language. For certain students 
the study of a second foreign language, 
for at least three years, might replace the 
fourth year of mathematics and the third 
year of science. 

Particularly with respect to the high- 
est-priority subjects, we must modernize 
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and improve the quality of the courses 
themselves. 

E. Science education. The crisis in our 
science education is not an invention of 
the newspapers, or scientists, or the Pen- 
tagon. It is a real crisis. 

The U.S.S.R. is not the “cause” of the 
crisis. The cause of the crisis is our 
breath-taking movement into a new tech- 
nological era. The U.S.S.R. has served as 
a rude stimulus to awaken us to that real- 
ity. 
The heart of the matter is that we are 
moving with headlong speed into a new 
phase in man’s long struggle to control 
his environment, a phase beside which 
the industrial revolution may appear a 
modest alteration of human affairs. Nu- 
clear energy, exploration of outer space, 
revolutionary studies of brain function- 
ing, important new work on the living 
cell—all point to changes in our lives so 
startling as to test to the utmost our 
adaptive capacities. We need quality and 
we need it in considerable quantity! We 
must develop guidance efforts designed 
to reach all able youngsters, and we must 
engage in a major expansion of the facil- 
ities for science teaching. 

There is a danger of training scientists 
so narrowly in their specialties that they 
are unprepared to shoulder the moral 
and civic responsibilities which the mod- 
ern world thrusts upon them. But just as 
we must insist that every scientist be 
broadly educated, so we must see to it 
that every educated person is literate in 
science. 

F, The identification of talent and the 
uses of diversity. One of the most im- 
portant goals of any education system is 
to identify and guide able students and to 
challenge each student to develop his 
capacities to the utmost. Tests are most 
effective in measuring academic aptitude 
and achievement. 

Used with a sound understanding of 
their strengths and limitations, present 
testing procedures can contribute sig- 
nificantly to a program of talent identifi- 
cation. 

But testing procedures unwisely used 
can do harm. A few basic considerations 
must be understood: First, tests are ef- 
fective on a limited front. Second, no 
single test should become a basis for 
important decisions. Third, test scores are 
one kind of data to be placed alongside 
other kinds of data. 

The identification of talent is no more 
than the first step. It should be only part 
of a strong guidance program. As many 
teachers as possible should be trained to 
take part in it. As many high schools as 
possible should have special guidance 
officers. 

The objective of all educational guid- 
ance should be to stimulate the individual 
to make the most of his potentialities. 
The fact that a substantial fraction of the 
top quarter of high school graduates fail 
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to go on to college is a startling indict- 
ment of our guidance system. 

The general academic capacity of stu- 
dents should be at least tentatively identi- 
fied by the eighth grade as the result of 
repeated testings and classroom perform- 
ance in the elementary grades. An ade- 
quate guidance system would insure that 
each student would then be exposed to 
the sort of program that will develop to 
the full the gifts which he possesses. 

Our schools have made far more prog- 
ress in identifying different levels of tal- 
ent than in the development of programs 
for these different levels. Adequate at- 
tention to individual differences means 
rejecting a rigid policy of promotion by 
age; and it means sensible experimenta- 
tion with various kinds of flexibility in 
the curriculum to meet the varying needs 
of young people. 

A more special problem is presented by 
the top 2 percent of the high school popu- 
lation. For this group particularly the 
Advanced Placement Program is impor- 
tant. Under this, an expanding number of 
secondary schools, both public and pri- 
vate, are offering college-level courses to 
their best juniors and seniors. Many col- 
leges are prepared to permit such stu- 
dents to “leapfrog” freshman college 
courses and get credit for them. Another 
approach is represented by the experi- 
mental Program for Early Admission to 
College, under which about 1000 able 
students have entered twelve different 
colleges over the last five years before 
completing the last year or two of high 
school. 

G. Financing. All of the problems of 
the schools lead us back sooner or later to 
one basic problem—financing. It is a 
problem with which we cannot afford to 
cope half-heartedly. An educational sys- 
tem grudgingly and tardily patched to 
meet the needs of the moment will be 
perpetually out of date. 

It is likely that ten years hence our 
schools and colleges will require at least 
double their present level of financial 
support. 

It is the weakness in the state and local 
taxing systems more than anything else 
that gives rise to current proposals for 
increased federal support of education. 
For those who wish to resist or postpone 
the resort to federal funds and at the 
same time not constrict educational serv- 
ices there seems to be only one alterna- 
tive: a thorough, painful, politically cou- 
rageous overhaul of state and local tax 
systems. 

Federal programs in education now 
exist on a large scale. It is certain that 
they will increase both in scale and in 
variety. There are educational problems 
gravely affecting the national interest 
which may be soluble only through fed- 
eral action. 

It would be well to bear in mind four 
principles in appraising proposals for 





federal support of education: (i) The 
Federal Government should address itself 
to those needs which educational leaders 
have identified as having a high priority. 
(ii) Federal funds should constitute one 
source of support among many. State, 
local and private sources of funds should 
continue to be the major factor in the 
support of education. (iii) It should pre- 
serve local leadership and local control 
over education. (iv) It should be based 
on a recognition that the Government 
inevitably exercises a certain leadership 
function in whatever it does. 

Perhaps the most popular form of fed- 
eral support for education is the scholar- 
ship program. Scholarships involve a 
minimum hazard of federal interference. 
As long as very few institutions charge 
tuition covering the full cost of educa- 
tion, a scholarship program which en- 
ables the student to pay his tuition should 
provide the college with a supplementary 
grant to make up the full cost of his edu- 
cation. 

To the extent that the Federal Govern- 
ment can assist in building construction, 
either through loans or outright grants, 
it will be engaging in one of the most 
helpful and least hazardous forms of 
support to education. 

The share of privately financed col- 
leges and universities of total enrollments 
has already declined to well below 50 
percent; and within fifteen years their 
share of students could easily be closer 
to 25 percent. 

Unquestionably the solution for the 
privately financed institutions lies not in 
any one device but in the simultaneous 
exploration of numerous paths—both for 
cutting costs and for raising money: for 
example, eliminating unnecessaty frilis in 
the curriculum; sharing facilities with 
neighboring institutions; dropping the ex- 
travagant notion that every institution 
must offer a carbon copy of the curric- 
ulum offered by every other institution; 
making radically better use of physical 
facilities; raising tuition; cultivating in- 
creased corporate and alumni giving; 
and obtaining certain kinds of federal 
support. 

Unless changes such as these are car- 
ried out there is real danger that the in- 
fluence of private higher education will 
progressively decline. 


IV. The Use and Misuse of Human 
Abilities 


A. The inadequate use of talent. 1) 
The fuller use of underprivileged minor- 
ities. Primary among these groups, is, of 
course, the Negro, who has been dis- 
advantaged economically as well as po- 
litically and socially in the United States. 
The end of segregation, with all the diffi- 
cult adjustments it imposes, is of course 
a step in the right direction. Legislation 
such as fair employment practices acts 
will add a necessary stimulus to private 
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reorientation of attitudes. Until the 
Negro has been offered equal opportunity 
with the non-Négro to develop and use 
his individual talents to the utmost, and 
until he can be encouraged to make the 
most of his opportunity, we shall have 
failed to achieve our moral goal. 

2) Better use of the talents of women. 
One out of every three workers in our 
regular labor force of nearly 70,000,000 
is a woman. To this already large contri- 
bution, we can expect a substantial in- 
crease over the next decades due to the 
age composition of our population. There 
are still relatively few professional fields 
beyond nursing and teaching in which 
women participate extensively. Many 
firms still hesitate to use women in ex- 
ecutive capacities or to include in execu- 
tive training programs even those women 
who expect to remain in employment. 

3) The rehabilitation of economically 
depressed areas and segments of the pop- 
ulation. The nation is paying a high price 
for its depressed areas in terms of the 
wastage of human abilities. 

4.) Better use of older workers. Only 
for a portion of older people has retire- 
ment with economic security become a 
treasured period of leisure when one can 
do “what one always wanted to.” For 
others it is a dreaded break in the tex- 
ture and tempo of life, leading to per- 
sonal dissatisfaction on the one hand, and 
to wasted ability on the other. Remedial 
action might take the form of a later re- 
tirement age. Or it might involve the de- 
velopment of special job opportunities 
for people over 65. Such opportunities 
have already been provided in college 
teaching: the professor retiring from 
one campus may be hired on special 
status by some other college. 

B. The use of talent in large organiza- 
tions, Every corporation, union, govern- 
ment agency, military service and pro- 
fessional group should—in its own best 
interest as well as that of its personnel— 
conduct a never-ending search for talent 
within its own staff. 

Sometimes a change of jobs is ex- 
tremely useful in lifting the individual 
out of his rut and exposing him to new 
challenges. In this connection it must be 
noted that nontransferable pension and 
benefit plans weaken the incentives of 
men and women to move to positions 
where better use could be made of their 
capacities and experience. There seems 
to be a need for more vesting of pension 
rights, so that the employee who moves 
to another job need not leave behind 
years of accumulated benefits. 

Improved opportunities for further 
education within employing organizations 
and under community auspices can help 
mature people to test their own unex- 
plored interests and abilities and to de- 
velop their potentialities more fully. 

One consequence of the scarcity of 
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professional skills is the hoarding of tal- 
ent—a practice visible in a good many 
areas of government, business and aca- 
demic life. 


V. Motivation and Values 


Some of our more discerning critics 
are uneasy about the current aspirations 
and values of Americans. They sense a 
lack of purpose in Americans; they see 
evidence that security, conformity, and 
comfort are the idols of the day; and they 
fear that our young people have lost 
youth’s immemorial fondness for ad- 
venture, far horizons and the challenge 
of the unpredictable. 

Fortunately we do not need to decide 
whether the situation is seriously deplor- 
able or only mildly so. The truth is that 
never in our history have we been in a 
better position to commit ourselves 
wholeheartedly to the pursuit of excel- 
lence in every phase of our national life. 
Intellectual and moral excellence has 
come to play a uniquely important role. 
It is essential that we enable young people 
to see themselves as participants in one 
of the most exciting eras in history and to 
have a sense of purpose in relation to it. 

Still another challenge is that of pro- 
viding “models” for young people. The 
life goals of young people are in con- 
siderable measure determined by the fact 
that they identify themselves with ad- 
mired figures in the adult world. 

If we ask what our society invites in 
the way of high performance we are led 
to the conclusion that we may have, to a 
startling degree, lost the gift for demand- 
ing high performance of ourselves. It is 
a point worth exploring. 

What most people, young or old, want 
is not merely security or comfort or lux- 
ury—although they are glad enough to 
have these. They want meaning in their 
lives, If their era and their culture and 
their leaders do not or cannot offer them 
great meanings, great objectives, great 
convictions, then they will settle for shal- 
low and trivial meanings. People who live 
aimlessly, who allow the search for mean- 
ing in their lives to be satisfied by shoddy 
and meretricious experiences have simply 
not been stirred by any alternative mean- 
ings—religious meanings, ethical values, 
ideals of social and civic responsibility, 
high standards of self-realization. 

This is a deficiency for which we all 
bear a responsibility. It is a failure of 
home, church, school, government—a 
failure of all of us. 

No inspired and inspiring educa- 
tion can go forward without powerful 
undergirding by the deepest values of 
our society. The students are there in the 
first place because generations of Ameri- 
cans have been profoundly committed to 
a republican form of government and to 
equality of opportunity. They benefit 
by a tradition of intellectual freedom be- 





cause generations of ardent and stub- 
born men and women nourished that 
tradition in Western civilization. Their 
education is based upon the notion of 
the dignity and worth of the individual 
because those values are rooted in our 
religious and philosophical heritage. 

We would not wish to impose upon 
students a rigidly defined set of values. 
Each student is free to vary the nature 
of his commitment, But their freedom 
must be understood in its true light. 
We believe that the individual should be 
free and morally responsible: the two 
are inseparable. The fact that we toler- 
ate differing values must not be confused 
with moral neutrality. Such tolerance 
must be built upon a base of moral com- 
mitment; otherwise it degenerates into 
a flaccid indifference, purged of all be- 
lief and devotion. 

In short, we wish to allow wide lati- 
tude in the choice of values but we must 


assume that education is a process that | 


should be infused with meaning and pur- 
pose; that everyone will have deeply held 
beliefs; that every young American will 
wish to serve the values which have nur- 
tured him and made possible his educa- 
tion and his freedom as an individual. 
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New RCA Electronic “Eye” 


An extremely sensitive electronic 
“eye” which may disclose previously un- 
seen details of the planets and distant 
nebulae, permit visual reconnaissance in 
almost complete darkness, and provide 
a powerful new tool for scientific re- 
search, has been developed by scientists 
of the Radio Corporation of America. 

The new device is a developmental, 
advanced type of camera tube, based on 
television principles and known as the 
Intensifier Orthicon. In contrast to the 
conventional Image Orthicon, which is 
used in present television pick-up func- 
tions, the new tube employs either one 
or two “intensifier” stages between the 
light-sensitive pickup surface at the front 
of the tube and the signal output as- 
sembly at the rear. The tube was devel- 
oped by George A. Morton and John E. 
Ruedy at RCA’s David Sarnoff Research 
Center, Princeton, N.J., in a research 
program sponsored by the Aeronautical 
Research Laboratory at the Wright Air 
Development Center. 

According to Morton, the new Inten- 
sifier Orthicon is probably 100 times 
more sensitive than the fastest known 
photographic film for the same exposure 
time at extremely low levels of light. 
It can “see” in surroundings which ap- 
pear completely dark to the human eye, 
achieving a sensitivity that approaches 
the fundamental limit set by photon sta- 
tistics, Morton claims. 

Discussing the various possible appli- 
cations of the new instrument, Morton 
emphasized its value in astronomy as 
a viewing system coupled with a tele- 
scope to overcome the effects of the 
earth’s atmospheric turbulence in view- 
ing planets and nebulae. He also men- 
tioned its value in the amplification of 
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dim images such as the light traces left 
by the passage of high-speed subatomic 
particles in nuclear research. 


Radio Telescope in California 


The University of California at Berke- 
ley is planning to enter the field of 
radio astronomy. Plans call for the erec- 
tion of an 85-foot radio telescope to be 
built at a site to be selected as soon as 
possible. Total cost of the project is es- 
timated at about $500,000. The Office 
of Naval Research will provide $368,000 
for the telescope, and the university will 
provide $150,000 for land and buildings. 


Medical Communication 


The Institute for Advancement of 
Medical Communication, a nonprofit or- 
ganization, was recently formed to de- 
velop ways to increase the efficiency of 
information exchange among medical 
scientists, medical educators, and prac- 
tising physicians. The institute plans to 
devise and test new methods of dissemi- 
nating medical information and to serve 
as an information center for medical or- 
ganizations that request help with com- 
munication problems. The work of the 
institute will be financed by general and 
research grants both from private foun- 
dations and from the Government. 

The charter members of the board of 
directors are Chauncey D. Leake, pro- 
fessor of pharmacology and assistant 
dean, College of Medicine, Ohio State 
University; Homer W. Smith, professor 
of physiology, College of Medicine, New 
York University; and Irving S. Wright, 
professor of clinical medicine, Cornell 
University. Richard H. Orr, assistant 
editor of the journal Metabolism and 
former medical director of Grune and 
Stratton, Inc., will serve as executive di- 
rector. An advisory board is in the proc- 
ess of being selected. The temporary 
headquarters of the institute are at 37 
E. 67 St., New York 21, N.Y. 


Training Reactor in Puerto Rico 


On 30 June the Atomic Energy Com- 
mission signed a letter contract with 
AMF Atomics for a pool-type nuclear 
training and research reactor to be built 
at the commission’s Puerto Rico Nu- 
clear Center in Mayaguez. AMF Atom- 
ics is a division of American Machine 
and Foundry Company and is located in 
Greenwich, Connecticut. The Puerto 
Rico Nuclear Center was established by 
the AEC on 2 October 1957 as a part 
of the Atoms-for-Peace program. 

Under the terms of the agreement, 
AMF Atomics will design, fabricate, in- 





stall, and test a 1000-kilowatt (heat), 
forced circulation, pool-type reactor at 
the center, which is located adjacent to 
Mayaguez campus of the University of 
Puerto Rico. 

The reactor, scheduled for comple- 
tion in mid-1960, will contain features 
permitting future operation at power 
levels ap to 5000 kilowatts with mini- 
mum modifications. The reactor, to be 
designed for use both as a training and 
a research facility, will include a ther- 
mal column with both horizontal and 
vertical access, six experimental beam 
holes, and a dry gamma irradiation 
facility. 

The first phase of the construction 
program will be completed in 1960. Fa- 
cilities included in the first phase are 
the reactor, a laboratory and training 
building, and a greenhouse for agricul- 
tural training and research. All of these 
facilities will be at Mayaguez. 

The center has as its goal the devel- 
opment of a comprehensive program for 
training and research in nuclear science 
and engineering, and the peaceful ap- 
plication of nuclear energy to medicine, 
agriculture, and industry. The program 
will be available to students in all of the 
American republics. Four sessions of the 
radioisotopes training course have al- 
ready been completed, and courses in 
nuclear science and technology are being 
offered at the university’s campuses at 
Mayaguez and Rio Piedras. Instruction 
generally is provided in Spanish. Charles 
Bonilla is director of the center. 


Scientists in the News 


GEORGE R. THURMAN has been 
named director of the Monterey, Calif., 
engineering laboratory of the guided mis- 
sile division of the Firestone Tire and 
Rubber Company. Thurman, who has 
been manager of the Firestone defense 
research division in Akron, Ohio, suc- 
ceeds Captain FRANK W. MacDON- 
ALD (U.S. Navy, retired). V. E. 
LUCAS, who has been assistant manager 
of the defense research division, succeeds 
Thurman as manager of that division. 


EMERSON W. CONLON, general 
manager of the Turbomotor Division of 
the Curtiss-Wright Corporation, has been 
named director of engineering and scien- 
tific research and professor of mechani- 
cal engineering at Drexel Institute of 
Technology. 


BETTY M. WATTS, professor of 
foods and nutrition at the Florida State 
University, Tallahassee, has been se- 
lected by the American Meat Institute 
Foundation as the recipient of the F, C. 
Vibrans’ Senior Scientist Award for 
1958. 
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WILLIAM M. MERRILL, associate 
professor of geology at the University of 
Illinois, has been appointed professor 
and chairman of the department of geol- 
ogy at Syracuse University, effective 1 
September. He succeeds EARL T. AP- 
FEL, who retired in June after 15 years 
as head of the department. 


H. O. HENDERSON, for many years 
head of the dairy husbandry department 
and now professor of dairy husbandry at 
West Virginia University, was given the 
$1000 Teaching Award in Dairy Produc- 
tion of the National Dairy Products Cor- 
poration at the 53rd annual meeting of 
the American Dairy Science Association 
at North Carolina State College. 


FRITS W. WENT, director of the 
Earhart Plant Laboratory and professor 
of biology at the California Institute of 
Technology, has been appointed director 
of the Missouri Botanical Garden, St. 
Louis. HUGH CUTLER, who has been 
acting director of the garden since De- 
cember 1956, has been appointed execu- 
tive director. 


JAMES N. SPUHLER has been ap- 
pointed acting chairman of the depart- 
ment of anthropology at the University 
of Michigan, effective 1 July. He re- 
places FREDERICK P. THIEME, who 
becomes assistant to the president of the 
University of Washington on 1 August. 


G. G. HARRIS, of Columbia Univer- 
sity’s physics department, and HOW- 
ARD GREENBERG and AUREL SEI- 
FERT, both of the City College physics 
department, have formed the Manhattan 
Physical Research Group, Inc., located 
at 556 W. 191 St., New York. 


Winners of awards for the five best 
essays on gravity have been announced 
by the Gravity Research Foundation, 
New Boston, N.H. The first award of 
$1000 was given jointly to GUISEPPE 
COCCONI and EDWIN SALPETER, 
professors of physics and nuclear studies 
at Cornell University, for their paper on 
“A Search for Anisotropy of Inertia.” 
The second award of $300 was given to 
QUENTIN A. KERNS of the University 
of California Radiation Laboratory, 
Berkeley, for his essay, “A Proposed Lab- 
oratory Measurement of the Velocity of 
Propagation of Gravity.” 

The remaining awards were made as 
follows: third award of $200 to JOSEPH 
WEBER, University of Maryland; fourth 
award of $150, to WINSTON H. BOS- 
TICK, physics department, Stevens In- 
stitute of Technology; and fifth award of 
$100, to FRITZ ZWICKY, Mount Wil- 
son and Palomar Observatories, Carnegie 
Institution of Washington, California In- 
stitute of Technology, Pasadena. 
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LYELL F. THOMPSON has been 
named leader of the University of Ar- 
kansas soil testing project. He replaces 
R. L. BEACHER, who resigned last 
December to take a position as field rep- 
resentative with the American Plant 
Food Institute. As associate professor of 
agronomy, Thompson will be in charge 
of activities of the Soil Testing and Re- 
search Laboratory of the Arkansas 
Agricultural Experiment Station, in- 
cluding the Eastern Arkansas Branch 
Laboratory at Marianna. In addition, he 
will teach courses in soils at the univer- 
sity. 


HAROLD K. WILSON, former di- 
rector of the Division of Intermediate 
Registration at Pennsylvania State Uni- 
versity, has been named the university’s 
associate dean for research and develop- 
ment. He also is a professor of agronomy. 


JAMES A. HALSTED, director of 
Professional Services, Syracuse Veterans 
Administration Hospital, and associate 
professor of medicine, State University 
of New York Medical Center in Syra- 
cuse, will be visiting professor of medical 
science at the University of Shiraz, Iran, 
for the academic year 1958-59. Halsted 
will return to his present position in 


June 1959. 


For the first time since 1953 the 
American Heart Association has made 
awards in its highest category: Career 
Investigator. This provides lifetime sup- 
port for research workers of outstanding 
ability. The three men chosen were: 
DAVID B. SPRINSON, professor of 
biochemistry at Columbia University; 
JOHN V. TAGGART, professor of 
medicine at Columbia University; and 
LEWIS W. WANNAMAKER, associate 
professor of pediatrics at the University 
of Minnesota. 


GEORGE ROSEN, Columbia Uni- 
versity Faculty of Medicine, will give 
the first annual Victor Robinson Lecture 
in History of Medicine at Temple Uni- 
versity School of Medicine on 23 Sep- 
tember 1958. This lectureship, named 
in honor of VICTOR ROBINSON, 
professor of history of medicine at Tem- 
ple University from 1929 until his death 
in 1947, is appropriately initiated by 
Rosen, medical historian and personal 
friend of Robinson. 


WILLIAM S. TILLETT was honored 
on 24 June in the Bellevue Hospital Cen- 
ter when new research laboratories in the 
department of medicine of New York 
University’s College of Medicine were 
dedicated in his name. Tillett retired on 
1 July as professor and chairman of the 
department of medicine and as director 


of the Third Medical (N.Y.U.) Division 


of the Bellevue Hospital Center. Tillett is 
now full-time project director for re- 
search in the field of allergy and infec- 
tious diseases at N.Y.U.—Bellevue Medi- 
cal Center. A 5-year program began on 1 
September 1957 under the auspices of the 
National Institute of Allergy and Infec- 
tious Diseases. 


Recent Deaths 


CYRUS L. COX, Newark, N.J.; 70; 
professor emeritus of pharmacy at the 
Rutgers University College of Phar- 
macy; former professor of pharmacy at 
Valparaiso University; expert on emul- 
sions; 23 June. 

BERGEN DAVIS, New York, N.Y.; 
89; professor emeritus of physics at Co- 
lumbia University; advanced the study 
of the excitation and ionization of gas- 
eous atoms by electron impact; invented 
a double-crystal spectrometer; 30 June. 

DONALD A. FLANDERS, Chicago, 
Ill.; 57; director of the Applied Mathe- 
matics Division at Argonne National 
Laboratory; professor of mathematics at 
New York University from 1929 to 1948; 
head of the computing section of the 
Theoretical Physics Division at the AEC 
installation at Los Alamos, N.M., from 
1943 to 1946; 27 June. 

HARRY N. HOLMES, Oberlin, 
Ohio; 78; professor emeritus of chem- 
istry at Oberlin College; crystallized 
vitamin A; introduced the laboratory 
technique of chromatography into the 
United States; expert on colloids; presi- 
dent of the American Chemical Society 
in 1942; 1 July. 

HOMER L. STANTZ, Rapid City, 
S.D.; 82; professor of botany at the Uni- 
versity of Arizona and expert on grasses, 
arid lands, and plant geography; presi- 
dent of the University of Arizona from 
1928 to 1936; 23 June. 

ANDRIJ ASTAMPAR, Zagreb, Yu- 
goslavia; 69; president of the Yugoslav 
Academy of Sciences and Arts; ex-pres- 
ident of the Assembly of the World 
Health Organization; former professor 
of medicine at the University of Cali- 
fornia and of public health and social 
medicine at the University of Zagreb; 
health expert with the League of Na- 
tions; 25 June. 

CARL K. STEWART, Teaneck, 
N.J.; 60; metallurgist at the Curtiss- 
Wright Corporation; 27 June. 

MALCOLM R. THORPE, New 
Haven, Conn.; 67; geologist and paleon- 
tologist; curator of vertebrate paleon- 
tology at the Peabody Museum at Yale 
University; 23 June. 

FRANK T. WOODRUFF, New 
Haven, Conn.; 86; retired vice president 
of Associated Seed Growers, Inc.; spe- 
cialist in breeding of vegetables, particu- 
larly peas and beans; 25 June. 
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Book Reviews 


The Travels of William Bartram. Nat- 
uralist’s edition. Francis Harper. Yale 
University Press, New Haven, 1958. 
Ixii+ 727 pp. Illus. + plates. $8.50. 


Not since Samuel Elict Morison fol- 
lowed in the wake of the “Admiral of 
the Ocean Sea” or Allan Nevins tracked 
“Fremont, Pathmarker of the West” has 
there been a painstaking study of an 
American explorer comparable to Har- 
per’s tracing of the travels of William 
Bartram for the twenty years prior to 
publication of this volume—a goalpost 
in natural-history literature. The story 
of William Bartram’s life and travels 
has been more or less told by Darlington 
(1849), Coues (1875), Stone (1905), 
Van Doren (1928), Fagin (1933), Bran- 
non (1939), Earnest (1940), Allen 
(1951), Cheston (1953), and Herbst 
(1954), but never before so comprehen- 
sively as by Francis Harper in what has 
been appropriately called the “natural- 
ist’s edition” of Bartram’s Travels. The 
author built, on the careful studies pub- 
lished in 1942 and 1943, around a plan 
to reproduce, verbatim and literatim, the 
Travels of Puc Puggy (as the Seminoles 
called Bartram) in such a way that this 
volume may be used with as much con- 
fidence as the original 1791 Philadelphia 
edition; to interpret the scene day by 
day; and to place the critical words of the 
narrative in what amounts to a variorum 
index worthy of a Shakespearian scholar. 
This annotated index opens up the text 
at once to the biologist, anthropologist, 
geographer, or whosoever seeks to know 
18th century Florida in its “Eden” days. 
A field naturalist’s affection for the 
Okefinokee, the Tallapoosa, and the 
Suwannee and for Bartram’s favorite 
Alachua Savanna is evident on every 
page of Harper’s commentary. The Semi- 
nole, wolf, deer, and sand-hill crane that 
lived on the Savanna are gone, and every 
true naturalist is saddened by that loss. 
Lesser prizes survive: the toothache tree 
still grows at the Rigolets, and the splen- 
did Magnolia macrophylla (“M. auricu- 
lata” of Bartram) at its type locality 
(unless it has been wiped out in the last 
two decades). Evidence of Harper’s care- 
ful pursuit of the Bartram trail is his re- 
porting that tabanid flies, which plagued 
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Billy Bartram in Taylor County, Georgia, 
also proved so annoying to John Lyon, 
who passed the same spot in July 1803, 
28 years later, that Lyon noted it down 
in his journal. Records from letters of 
Muhlenberg and many others sharpen 
the focus on indistinct passages, and 
Harper has searched out marginalia, as- 
sociation copies, and the like to enrich 
the glosses. Here is a 20th century “book 
of distinction” to read and to treasure. 
I predict that the book will win a pub- 
lisher’s award for its physical format. 
Best of all, this “naturalist’s edition” of 
a classic is consummately satisfying for 
the naturalist reader of scholarly tastes. 
JosrrpH Ewan 
Department of Botany, 
Tulane University 


Mitotic Poisons and the Cancer Problem. 
John J. Biesele. Elsevier, New York, 
1958. 214 pp. $7.50. 


The many screening programs in can- 
cer chemotherapy carried out especially 
during the last decade involved testing 
of thousands of compounds. These 
screening procedures made use of dif- 
ferent approaches—studies of _ trans- 
planted tumors, tissue culture, microor- 
ganisms, and so forth. However, all were 
concerned with the primary target, the 
cell, and the effect on it of a chemical 
agent. A large number of such agents 
was found to affect mitosis, and a consid- 
erable body of information has been ac- 
cumulated with regard to such “mitotic 
poisons.” 

Beginning with a discussion of the con- 
cept of mitotic poisons and a classifica- 
tion of such agents, this book is con- 
cerned with the response of cells to such 


substances, presented from the biochem- 


ical viewpoint as well as from that of 
traditional cytomorphology. Inhibition 
of cell division, damage to the spindle 
and to the chromosomes during the sev- 
eral phases of the mitotic cycle, and the 
behavior of other cellular components 
are discussed from the standpoint of the 
changes produced, the probable mecha- 
nisms underlying such aberrations, and 
the possible meaning of these changes. 





The deleterious effects on the mechanics 
of cell growth and proliferation of anti- 
metabolites and the more newly studied 
therapeutic agents, as well as the classic 
mitotic poisons, are discussed. 

This is an active area, and the writer 
has collected and critically presented a 
sizable mass of data in admirably con- 
cise and readable form. The substantial 
bibliography should be of great value to 
all interested investigators. Of particular 
usefulness to workers in the cancer field, 
this book should also appeal to workers 
in many disciplines who are interested in 
basic cytology and the phenomena of 
cellular damage inflicted by chemical 
agents. 

Morris BELKIN 
National Cancer Institute, 
National Institutes of Health 


Flora of the British Isles: Illustrations. 
Part I, Pteridophyta-Papilionaceae. A. 
R. Clapham, T. G. Tutin, E. F. War- 
burg; drawings by Sybil J. Roles. Cam- 
bridge University Press, New York, 
1958. 144 pp. $5. 


This quarto-size book is a companion 
volume to the smaller but thicker Flora 
of the British Isles by the same authors 
and is designed to be used with it in 
identification. The arrangement of the 
figures (there is no text) follows that of 
the Flora, as does the nomenclature, ex- 
cept for rare changes that bring the 
names up to date. Some species not in 
the Flora are illustrated if they have be- 
come recognized or established recently, 
while a few aliens so rare that fresh 
material could not be got have been 
omitted. 

The drawings have been made in 
nearly every instance from fresh speci- 
mens, and the aim has been to show the 
appearance of living plants. In general 
they accomplish this very well. For each 
species there is shown the habit of the 
plant as well as details of pubescence, 
bracts, flowers, seeds, or other critical 
parts. The figures are labeled with the 
scientific name, the common name, and 
the flower color, and a scale of mag- 
nification is provided. 

Illustrations of this sort are very use- 
ful, for the amateur as well as for the 
expert, in identification, in particular, of 
introduced or hard-to-identify groups of 
plants. This flora may be compared with 
the new Britton and Brown Illustrated 
Flora, by Gleason, and the Illustrated 
Flora of the Pacific States, by Abrams. 
The illustrations in the three books are 
of approximately the same quality, those 
of the later volumes of Abrams being 
perhaps the best, and there are approxi- 
mately the same number. In the two 
American books the illustrations and text 
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are combined in sets of three and four 
large volumes, respectively, and the 
books are therefore scarcely suitable for 
extensive field use. One wonders, how- 
ever, whether the portability of a man- 
ual is of sufficient importance to war- 
rant separation of the keys and descrip- 
tions from the illustrations. There are 
arguments on both sides, and it may be 
that in the long view the postponement 
of publication of the drawings may speed 
the appearance of a manual by a factor 
large enough to offset most of the dis- 
advantages of such a procedure. 

For this first of an expected four vol- 
umes of illustrations for their excellent 
Flora the authors are to be congratu- 
lated. It will be of real use to herbaria 
everywhere which are concerned with 
problems of general identification. 

RicHarp W. Hotm 
Natural History Museum, 
Stanford University 


Applied Optics and Optical Design. A. 
E. Conrady. Dover, New York, 1957 
(unabridged and corrected edition of 
ed. 1). ix+518 pp. $2.95. 


This celebrated treatment of lens de- 
sign exerted a great influence on com- 
putational methods when it first ap- 
peared in England in 1929. Written by 
a highly individualistic, not to say un- 
compromising, teacher of his subject, 
the book makes no concessions by way 
of popularization. Thus, although the 
treatment is not especially mathematical, 
the reading is not easy. Perhaps it is a 
sign of our scientific times to find this 
rigorous account of one of the disciplines 
of physics appearing as a paperback; 
students will welcome its in- 
creased availability. They will do well 
to read it, in order to relive the thinking 
which led to the design of the famous 
Holoscopic series of microscope objec- 
tives. The publishers assure us about the 
durability of the binding, which will be 
essential if its meaty contents are to be 
thoroughly digested. 


serious 


F, A. JENKINS 
Department of Physics, 
University of California, Berkeley 


Annual Review of Entomology. vol. 3. 
Edward A. Steinhaus, Ed. Ray F. 
Smith, Assoc. Ed, Annual Reviews, 
Palo Alto, Calif., 1958. vii+520 pp. 
$7. 


This is the third and latest volume 
of an annual series, started in 1956, 
comprising numerous papers in which 
specialists in the various branches of 
entomology have prepared, for their col- 
leagues and others, authoritative and 
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scholarly progress reviews of their spe- 
cialties. The very definite need for a 
reference work of this particular type 
was long realized by all who had to 
struggle with the widely scattered lit- 
erature of entomology. Until the estab- 
lishment of this series, nothing com- 
parable to it existed anywhere. 

It was in 1953 that a committee of 
the Entomological Society of America 
was appointed to examine the problem 
of providing adequate reviews of the 
literature. After exhaustive search and 
study, the committee recommended that 
such needs would best be met by a re- 
view publication of the general type 
published by the nonprofit organization, 
Annual Reviews, Inc. After appropriate 
investigations and appraisals, the work 
was started cooperatively between Annual 
Reviews and the Entomological Society 
of America. The objective has been 
the publication of authoritative, concise 
treatments of subjects of current inter- 
est. It is expected that the more active 
fields of research will require critical 
reviews annually, while less active fields 
will be summarized and evaluated as 
developments require. It is certain that 
this latest volume will be given the same 
warm welcome accorded those _previ- 
ously issued, because it possesses the 
same outstanding usefulness. It is a 
privilege to commend the 23 papers 
which make up this volume to the at- 
tention of fellow workers everywhere. 

J. S. WADE 
U.S. Department of Agriculture, 
Washington, D.C. 


Host-Parasite Relationships in Living 
Cells. A symposium. Sponsored by the 
James W. McLaughlin Fellowship Pro- 
gram, University of Texas, Medical 
Branch, 27 Apr. 1956. Harriet M. 
Felton, Ed. Thomas, Springfield, IIl., 
1957, xix+245 pp. Illus. $6.50. 


This symposium, held in April 1956, 
was a fruitful commingling of scholars 
from various disciplines, all concerned 
largely with biological events within the 
cell and aware of the urgent need to 
span the gaps beiween various disciplines 
that are focused primarily on the same 
objective. Contributors to the symposium 
were E, W. Dempsey, R. J. Dubos, R. 
Dulbecco, C. E. Georgi, R. A. Good, 
J. H. Hanks, S. Mudd, C. M. Pomerat, 
M. G. Sevag, and J. T. Syverton. The 
meeting contributed to the construction 
of bridges between cytology and micro- 
biology, including both morphologic and 
physiologic aspects. 

The studies presented and discussed 
included morphologic observations by 
electron and light microscopy, immune 
mechanisms active at the cellular level, 
and metabolic and other factors influ- 





encing the resistance of either host cell 
or parasite to the effects of the other. A 
generous portion of this book is devoted 
to a faithful transcription of the stimu- 
lating informal discussion that took 
place. 

Francis B. Gorpon 
Naval Medical Research Institute, 
National Naval Medical Center, 
Bethesda, Maryland 


Psychotropic Drugs. S. Garattini and V. 


Ghetti, Eds. Elsevier, Amsterdam, 
1957 (order from Van Nostrand, 
Princeton, N.J.). 606 pp. Illus. 
$19.50. 


This book consists of papers presented 
at the International Symposium on Psy- 
chotropic Drugs, held in Milan, Italy, in 
May 1957. Most of them are written in 
English; others are in German, French, or 
Italian, with English summaries. These’ 
papers reflect the surging interest in bio- 
logical aspects of normal and abnormal 
brain function which has resulted from 
a number of recent events: the discovery 
that lysergic acid diethylamide, in ex- 
tremely minute doses, elicits a model 
psychosis; the discovery that reserpine 
and chlorpromazine induce effects al- 
most opposite to those of lysergic acid 
diethylamide; and finally, and most im- 
portant, the discovery that the biologi- 
cally active amines, serotonin and nor- 
epinephrine, are present in certain parts 
of the brain. This book, spiced with the 
diverse viewpoints, hopes, prejudices, 
disagreements, and naiveties inevitable 
to a new and emotionally charged area 
of research, leaves the reader with an 
appreciation of the urge that provokes 
investigators to work in “psychopharma- 
cology.” This word has been coined to 
represent the branch of pharmacology 
which uses drugs affecting behavior to 
study brain function in the expectation 
of arriving at an understanding of nor- 
mal brain function and, ultimately, at 
the cure or prevention of mental disease. 

A number of biochemical papers dis- 
cuss the possibility that brain norepi- 
nephrine and serotonin act as central 
synaptic transmitters and that certain 
psychotropic drugs elicit central effects 
by interaction with these amines. Vari- 
ous views are presented to the effect that 
mental disease is due to interference with 
synaptic transmission either by forma- 
tion of an aberrant metabolite or by the 
faulty formation, release, or metabolism 
of a neurohormone. In addition, the ef- 
fects of psychotropic drugs on a number 
of enzyme systems involved in brain in- 
termediary metabolism are described. 

In the papers on the behavioral effects 
of psychotropic drugs are described a 
number of the ingenious methods for 
studying normal animal behavior and 
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tomorrow’s centrifuge today! 


Two entirely new SERVALL Superspeed Centrifuges bring you tomorrow’s 
centrifuge advancements today. Performance, versatility and convenience 
geared to the future. The nuclei around which many new SERVALL cen- 
trifuge advancements are being developed right now! 


SS-3 PUSH-BUTTON SUPERSPEED CENTRIFUGE. Fully automatic, fully en- 
closed. SERVALL-BLUM “Gyro-Action” Self Centering Drive" sets new 
standards of performance. Smoothly and automatically accelerates to de- 
sired preset speed — accurately times the operation for you — then dynam- 
ically brakes itself at the completion of the run. Even stops itself safely 
and automatically in the event of excessive imbalance in loading. Easily 
the safest, most convenient and versatile instrument available today. Solves 
the problem of separating small amounts of precipitate from large volumes 
of solution with the SERVALL “Szent-Gyorgyi & Blum” Continuous Flow 
System* Sealed batch operations with 400 ml. SS-34 angle rotor (over 
17,000 rpm — 34,800 x G), and 2,200 ml. GSA large-capacity rotor (9,500 
rpm — 14,600 x G). Further versatile rotors nearing completion. Armor 
plate enclosed rotor compartment. Low silhouette. Built-in ammeter-tacho- 
meter, speed setting control, synchronous motor driven timer, SERVALL 
“Noisuppressor”. Facility for remote control. 
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Sole Canadian distributor: Cave and Company, Ltd., Vancouver, Edmonton and Toronto 
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Norwalk, Connecticut, U.S.A. 








SS-4 ENCLOSED SUPERSPEED CENTRIFUGE. 


For those who prefer a manually controlled 
model. The same advanced features, smooth 
performance and rotor versatility as the 
SS-3, including SERVALL “Szent-Gyorgyi 
& Blum” Continuous Flow System. Entire 
panel slides out for convenient remote con- 
trol and includes built-in ammeter-tacho- 
meter, synchronous motor driven timer and 
variable transformer. Armor plate guard, 
SERVALL “Noisuppressor”, low silhouette, 


rotor imbalance cut-off. 


* Patents pending 

ae Since 1930 designers, 
manufacturers, 
distributors of SERV ALL 
laboratory instruments. 
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The registered trademark Kimax for shock-resistant laboratory 
glassware is a direct reminder of the Kimble name and tradition 
of craftsmanship. In graduated ware, where standards of precision 
are the most severe of all, the Kimble reputation is unexcelled. 


KIMAX is available through dealers in the United States, 
Canada and principal foreign cities. 
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NEW rf cexisBitity, 


VERSATILITY AND COMPACTNESS 





FOR RESEARCH RECORDING 
POLY BEAM 


THE SANBORN 5 5) - 
1 6- AND 8-CHANNEL 


PHOTOGRAPHIC RECORDING SYSTEM 


—-» up to eight channels in a single mobile cabinet 





—+» “add on” flexibility that permits a 2- or 4-channel system 
to be expanded to eight channels 


— optional integrated monitoring unit for viewing up to four 
waveforms simultaneously, or vector laops 


—» choice of six miniature plug-in preamplifiers for ECG, 
heart sounds, sphygmograms, EEG, gas analysis, 





























Also new from Sanborn are the 6- and 8-channel 350M Series 
L, direct writing systems. Cabinet size and style are identical to the 


| 550M and plug-in preamplifiers may be used interchangeably 
in both systems. 
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: i ae various pressures, and many other events 
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oo ok The new Sanborn “550M Poly-Beam” is an eight channel 
recording system, which can be equipped originally for 2-, 4- or 
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: Mey ao accurate recording or monitoring of many biophysical events. An 
| eee] ee ee optional visual monitoring unit (located above the preamplifiers), 
‘|@ Gle- sie ‘Cie°Q)’ which includes an oscilloscope, a vector timer and an electronic 
"O|*° or*ar*oa switch, permits viewing up to four waveforms simultaneously, or 
s “ > . vector loop presentation. Events can be monitored either as a 
: . ; : supplement to, or in place of, recording. 
Vly 3 . 9 : 3 The recorder uses 6 in. wide recording paper in 200 ft. rolls. 
od = elie olin Eight chart speeds from 1.25 to 200 mm/sec. are selected by 
° electrical control. Optical recording galvanometers use simplified 
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ag s tion; provision for remote control; viewing window for observa- 
: ed 00000 ®@ ad | tion, positioning and standardizing of galvanometer beams. 
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For complete information on the new Sanborn systems call the 
Sanborn Branch Office or Service Agency nearest you, or write 
Inquiry Director, Medical Division. 


175 Wyman Street, Waltham 54, Mass. 








the effects of drugs thereon. The electro- 
physiologic presentations are particularly 
rewarding. These describe the effects of 
neurohormones and of various types of 
psychotropic drugs on electrical activi- 
ties in various parts of the brain and at- 
tempt to relate these activities to normal 
and abnormal behavior. 

The pharmacological papers accent 
the complexity of the pattern of effects 
elicited by psychotropic drugs. What 
makes these papers of particular value 
are attempts to relate pharmacological 
effects of the’ drugs to their effects on 
brain electrical activity and on behavior. 

The clinical and psychiatric papers 
indicate the difficulty of determining 
the merit of drugs in the treatment of 
mental illness. Yet they leave the im- 
pression that certain of the “tranquiliz- 
ing” agents are of definite aid in treat- 
ing the symptoms, though not the basic 
defects, of mental illness. 

BERNARD B. Bropie 
National Heart Institute, 
National Institutes of Health 


The Bacteriology of Tuberculosis. Egons 
Darzins. University of Minnesota 
Press, Minneapolis, 1958. xi+488 pp. 
Illus. $10. 


The effective treatment of tuberculo- 
sis with antimicrobial agents has led to 
the popular belief that this disease has 
been conquered. While great strides 
have been made in decreasing mortality 
(but probably not morbidity), many un- 
solved bacteriological problems still re- 
main, and new ones have arisen. The 
purpose of this book is threefold: (i) 
to list in historical perspective the ad- 
vances made toward the understanding 
of the tubercle bacillus; (ii) to pre- 
sent areas where further knowledge is 
needed; and (iii) to describe the newer 
experimental methods for the study of 
tubercle bacilli. 

Basic theories and methods of general 
microbiology and specific problems per- 
taining to mycobacteria are described. 
Tubercle bacilli are discussed under the 
general headings of “Morphology and 
cytology,” “Sources of energy and 
growth,” “Isolation and identification,” 
“Types and pathogenicity,’ and “Ex- 
perimenting.” In not all instances, how- 
ever, are concepts and factual data ac- 
curately analyzed and presented. For 
example, the discussion of L forms of 
bacteria, on page 71, is misleading, and 
the tabulation of albumin as a nitrogen 
source for the metabolism of tubercle 
bacilli, on page 241, is incorrect. Never- 
theless, an extensive subject index and 
a very comprehensive bibliography pro- 
vide excellent access to the available 
literature. 

A large section devoted to experimen- 
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tation with the tubercle bacillus will be 

of value to the bacteriologist unfamiliar 

with the special techniques and precau- 

tions required in the laboratory. 
Cynrtuia H. Pierce 

Rockefeller Institute for 

Medical Research 


The Principles of Semantics. Stephen 
Ullmann. Philosophical Library, New 
York, ed. 2, 1957. 346 pp. $10. 


This book is essentially a reprinting 
of the first edition with a supplement on 
recent developments in semantics and 
an expanded bibliography. For Ullmann, 
semantics is the scientific study of mean- 
ing, and meaning is the relation between 
name and sense, or, as some might pre- 
fer to put it, between sign and desig- 
natum. 

Ullmann has described a variety of 
approaches to questions of change in 
meaning, semantic laws, homonymy and 
so on, and in the added chapter he cor- 
rectly indicates that the most important 
new problem is that of whether a struc- 
tural semantics is possible. A meaning- 
ful answer must be based on some ex- 
plicit definitions of the terms semantics 
and structure. 

A related and, in a sense, logically 
prior question is whether any semantic 
notions are essential, or indeed relevant 
to the syntactics—that is, the purely 
formal aspects of grammar, consisting 
of signs and of rules for their combina- 
tion. If the two are not separable (and 
this seems to be Ullmann’s view), then 
there is little point in discussing a struc- 
tural semantics as distinct from a struc- 
tural syntactics. If they are separable, 
then whether or not a structural seman- 
tics is possible obviously depends on 
what is meant by structure. 

Structural is equated by some with 
scientific. If, as Ullmann suggests, se- 
mantics is the scientific study of mean- 
ing, then a structural semantics is pos- 
sible by definition. However, there are 
some who are not convinced that mean- 
ing can be approached scientifically at 
all. Ullmann asserts that such a disci- 
pline exists but nowhere demonstrates 
that the meaning of a form is anything 
but an intuitive notion. 

One not uncommon use of structural 
is as a synonym for syntactical. That is, 
the rules for the combination of signs 
are the structure of a language. In ac- 
cordance with such a usage, structural 
semantics would seem to be a contra- 
diction in terms. 

Some students of language make a 
dichotomy between the structural ele- 
ments (by which they mean inflectional 
endings like the plural s and the past 
tense ed) and the lexical elements, like 
book, run, and so on. From this point 


of view a structural semantics would 
presumably be the study of the mean- 
ings of these elements; such a study is 
not only possible but traditional in many 
schools of linguistics. 

Ullmann quotes some linguists who use 
Structure to mean symmetry or pattern- 
ing and therefore make statements about 
certain systems or parts of systems being 
more highly structured than others. This 
would reduce the problem to the rather 
trivial question of how much symmetry 
one can discover (or impose) on the 
meanings of forms. 

Other linguists have mistakenly used 
structural as equivalent to descriptive 
(as opposed to historical) studies. This 
is unfortunate, since surely one of the 
contributions of modern linguistics is to 
indicate how changes in language may 
be more clearly understood through a 
comprehension of the relationships of 
units to one another at any given time. 

Now, if structure is used to express the 
notion that abstract units are defined in 
terms of hierarchical relationships to one 
another, as well as the fact that these 
relationships recur, then the conscious 
investigation and systematic description 
of these features in the area of semantics 
will be a discipline of increasing interest 
and importance. 

Sot SAporTa 
Department of Spanish, 
Indiana University 


Toeplitz Forms and Their Applications. 
Ulf Grenander and Gabor Szego. 
University of California Press, Berke- 
ley, 1958. vii+ 245 pp. $6. 


The study of spectral properties of 
matrices 


[(Ci, §)] =[(Ci-5)], Cp= C_p, 1 <i, =n, 


in the limit n— © has received con- 
siderable attention in the mathematical 
literature since the early days of this 
century. 

More recently, analogous studies of 
integral equations of the form 


i. K(x—y)p(y)dy =Ap(x), 


K(x) =K(-x), in the limit T>~, 
were also undertaken. 

The present volume is an excellent 
and virtually complete summary of the 
work done on these and related prob- 
lems up to 1955. 

Toeplitz matrices and translation ker- 
nels occur in a wide variety of branches 
of pure and applied mathematics, rang- 
ing from the theory of analytic functions 
to crystal statistics and the theory of 
random noise. To present such wealth 
of material in the limited space of 240 
small pages is a feat in itself. To do it 
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with such skill and elegance should earn 
the authors the gratitude of all those 
who might wish to gain acquaintance 
with this fascinating field. 

The book is divided into two parts, 
The first part (eight chapters), gives the 
general theory, while the second (three 
chapters) is devoted to applications. 

The latter includes applications to the 
theory of analytic functions (chapter 9) 
(centering mainly around the work of 
Carathéodory, and others, on analytic 
functions with positive real parts), to 
the Kolmogoroff-Wiener prediction the- 
ory, and to a class of problems related 
to random walk. 

The general theory, which is attribut- 
able largely to the senior author, is pre- 
sented in a unified and self-contained 
manner. 

The chapters on applications comple- 
ment the general theory, and the book 
emerges as a harmonious unit. 

References and bibliographical notes 
are collected at the end, and the read- 
er’s attention is not distracted by foot- 
notes. 

Of course, this is a technical book on 
a technical subject. But discounting this, 
and even my own strong prejudices in 
favor of the subject, I recommend the 
book as an outstanding example of the 
power and beauty of analysis. 

Mark Kac 
Department of Mathematics, 
Cornell University 


Morphological Integration. Everett C. 
Olson and Robert L. Miller. Univer- 
sity of Chicago Press, Chicago, 1958. 
xv +317 pp. Illus. $10. 


Direct observations of organisms are 
generally confined to single characters, 
characters often selected on a basis no 
more significant than that of expedi- 
ency. Yet always in systematics and 
evolution, and often in other biologi- 
cal studies, the integrated whole of 
the organism is the proper object of 
concern. That difficulty has been widely 
recognized, and many biologists have 
coped with it in numerous different 
ways and with varying success. Olson 
and Miller have developed, far beyond 
anyone else, an approach that involves 
studying not the characters as such but 
a relationship among them. Specifically, 
they analyze, compare, and synthesize 
figures based on the covariance of mul- 
tiple dimensions — almost exclusively 
linear measurements of hard parts of 
animals. 

The dimensions (or measures) used 
are still defined by expediency, but the 
failings of expediency are largely neu- 
tralized by taking as large a number of 
different dimensions as is at all practic- 
able. Olson and Miller then calculate 
correlation coefficients for all pairs of 
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dimensions, taken two by two. In suit- 
able instances partial coefficients are 
also calculated. The dimensions are 
then grouped by various and _ highly 
elaborated techniques into what the au- 
thors call p and pF (that is, correlation 
and correlation-functional) groups. They 
have also devised an index reflecting 
the mean level of correlation among all 
the variants measured. They thus obtain 
data for studying the distribution of 
covariance within animals and among 
related. .or phylogenetically successive 
animals. Intensity and distribution of 
covariance are, by their special defini- 
tion, the “morphological integration” of 
their title. 

During the years of preparation of 
this volume, the authors encountered 
much misunderstanding and _ consider- 
able criticism. from their colleagues. 
This volume is especially welcome be- 
cause it should finally clear away all the 
misunderstanding about just what they 
are trying to do, and why. They have 
also successfully countered most, but 
perhaps not quite all, of the criticisms. 
Their work depends heavily—indeed, 
fundamentally—on evaluation of differ- 
ences between sample values of statis- 
tics, but the confidence levels and sig- 
nificances of these differences are estab- 
lished poorly or not at all. That seems 
to be the principal remaining methodo- 
logical weakness. 

The amount of work involved is down- 
right appalling. In just one of their ex- 
periments, not the most elaborate, the 
study of a few teeth in a small sample 
(N=18) of a night monkey involved 
taking 1494 measurements to 0.01 mm 
and then calculating 3403 separate cor- 
relation coefficients, plus an _ untold 
number of partial coefficients, and then 
performing hundreds, or probably thou- 
sands, of grouping operations. The 
reader is certainly grateful for the more 
than herculean tasks performed by the 
authors and their assistants. Yet he can 
hardly avoid asking, “Was it worth it?” 
If only the concrete results here pub- 
lished are considered, I must, with real 
regret, answer, “No.” The authors have 
anticipated the possibility of that reac- 
tion. They may (how understandably!) 
somewhat overvalue the specific out- 
come, but they have a broader and satis- 
factory answer of their own. They have 
demonstrated that their methods do pro- 
duce information not otherwise avail- 
able and potentially, at least, pertinent 
to a considerable range of biological 
problems. 

No systematist or evolutionist can 
safely ignore this difficult, laborious, 
brilliantly original, and potentially fruit- 
ful monograph. 

G. G. Stimpson 
Department of Geology and 
Paleontology, American Museum 
of Natural History 





Nouveau Traité de Chimie Minérale. 
vol. III (group 1a), Rubidium, Ce- 
stum, Francium; (group 1b), Géné- 
ralités, Cuivre, Argent, Or. Paul Pas- 
cal, Ed. Masson, Paris, 1957. xii + 838 
pp. Illus. Cloth, F. 6900; paper, F. 
6000.. 


A review of the two previously pub- 
lished volumes, I and X, in this 19-vol- 
ume treatise on inorganic chemistry ap- 
peared in Science of 1 Mar. 1957 [125, 
401 (1957). 

Volume III is devoted to the ele- 
ments rubidium, cesium, francium, cop- 
per, silver, and gold. About 100 pages 
are given over to rubidium and cesium; 
10 to francium; 265 to copper; 220 to 
silver; and 175 to gold. This volume 
maintains the high standard set for the 
series. Inorganic chemists will look for- 
ward with interest to the appearance of 
succeeding volumes. 


Division of Chemistry, 
National Bureau of Standards 


Soil-Plant Relationships. C. A. Black. 
Wiley, New York; Chapman & Hall, 
London, 1957. vii +332 pp. Illus. $7. 


This book covers the subject matter of 
a course taught by the author at Iowa 
State College. The continuing process of 
adjustment and revision of the material 
for teaching purposes is reflected in the 
orderly and concise manner in which 
the subject matter of the book is pre- 
sented. 

To me, the outstanding characteristic 
of the book is its accuracy and objec- 
tivity. These features will come as no 
surprise to those soil scientists who are 
familar with publications of the author’s 
research. 

A further noteworthy feature of the 
book is the intensity of the literature 
search that has obviously preceded prep- 
aration of the manuscript. The author 
has left few stones unturned in his search 
for appropriate examples bearing upon 
the various points discussed. Particular 
attention has been given to older work. 
The literature coverage alone is enough 
to justify the book to many research 
workers in agriculture. 

The book contains chapters on soil 
composition, soil water, soil aeration, ex- 
changeable bases, soil acidity, soil salin- 
ity and alkalinity, nitrogen, phosphorus, 
and potassium. Some readers will criti- 
cize this book not for what it is, but for 
what it is not. The lack of treatment of 
the trace elements in a book of this title 
will be disappointing to research workers 
in this field. Others may wish for a dis- 
cussion of ion-exchange equations, or for 
a special treatment of the process of ion 
accumulation by roots. 
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’ I tend, instead, to commend the book 
for what it is and to emphasize the fact 
that the scope of a book is the preroga- 
tive of the author. To those starting a 
research career in soil science this book 
points not only where we are and how 
we got here but also where we should 
go in the future. Its value to the estab- 
lished soil scientist will be in helping 
him to see his part of the field in rela- 
tion to the other parts, and to identify 
and evaluate alternative directions for 
future work. 

W. H. ALLaway 
Agricultural Research Service, 
U.S. Department of Agriculture 


New Books 


Landscapes of Alaska. Their geologic 
evolution. Prepared by members of the 
United States Geological Survey. Howel 
Williams, Ed. University of California 
Press, Berkeley, 1958. 160 pp. $5. 

Physics for Engineers and Scientists. 
Richard G. Fowler and Donald I. Meyer. 
Allyn and Bacon, Boston, 1958. 559 pp. 
$8. 

An Introduction to Combinatorial Anal- 
ysis. John Riordan. Wiley, New York; 
Chapman & Hall, London, 1958. 255 pp. 
$8.50. 

Genetic Resistance to Disease in Do- 
mestic Animals. Frederick Bruce Hutt. 
Cornell Univ. Press, Ithaca, N.Y., 1958. 
209 pp. $3.50. 

What’s Going on in Space? A chronicle 
of man’s exploration into space beyond 
this earth. David C. Holmes. Funk & Wag- 
nalls, New York, 1958. 256 pp. $3.95. 

Fundamentals in Cardiology. John B. 
Wild. Thomas, Springfield, Ill., 1958. 95 
pp. $4.50. 

Biology of Neuroglia. William F. Win- 
dle. Thomas, Springfield, Ill., 1958. 354 
pp. $8.50. 

Young People’s Book of Science. Glenn 
Blough, Ed. McGraw-Hill, New York, 
1958. 446 pp. $4.50. 

Puzzles in Thought and Logic. C. R. 
Wylie, Jr. Dover, New York, 1958. 128 
pp. $1. 

Frontiers of Science. Lynn Poole. Mc- 
Graw-Hill, New York, 1958. 173 pp. 
$3.25. 

The Effects of Ionizing Radiation on 
Natural and Synthetic High Polymers. 
Frank A. Bovey. Interscience, New York, 
1958. 300 pp. $8. 

Topological Analysis. Gordon Thomas 
Whyburn. Princeton Univ. Press, Prince- 
ton, N.J., 1958. 131 pp. $4. 

Principles of Field Biology and Ecology. 
Allen H. Benton and William E. Werner, 
Jr. McGraw-Hill, New York, 1958. 348 
pp. $6.50. : 

Einfuhrung in die Messtechnik der 
Kernstrahlung und die Anwendung der 
Radioisotope. Heinrich _‘Fassbender. 
Thieme, Stuttgart, Germany, 1958. 223 
pp. $8.85. 

The Tree of Mathematics. Glenn James. 
Digest Press, Pacoima, Calif., 1958. 420 
pp. $5.50. 

Biographical Memoirs. vol. XXXI, Na- 
tional Academy of Sciences of the United 
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States of America. Columbia Univ. Press, 
New York, 1958. 406 pp. $5. 

Machine Age Maya. The industrializa- 
tion of a Guatemalan community. Man- 
ning Nash. Free Press, Glencoe, Ill., 1958. 
124 pp. $5. 

Extinct and Vanishing Birds of the 
World. Spec. Publ. No. 13. James C. 
Greenway, Jr. American Committee for 
International Wild Life Protection, New 
York, 1958. 528 pp. 

A Physician Looks at Psychiatry. 
Jacques M. May. Day, New York, 1958. 
189 pp. $3.50. 

Dietary Prevention and. Treatment of 
Heart Disease. John W. Gofman, Alex V. 
Nichols, E. Virginia Dobbin. Putnam’s, 
New York, 1958. 256 pp. $3.95. 

A Textbook of Psychology. Donald Old- 
ing Hebb. Saunders, Philadelphia, 1958. 
286 pp. 

The Computer and the Brain. John von 
Neumann. Yale Univ. Press, New Haven, 
Conn., 1958. 96 pp. $3. 

Die Gesunden und die Erkrankten 
Zahngewebe des Menschen und der Wir- 
beltiere im Polarisationsmikroskop. The- 
orie, methodik, ergebnisse der optischen 
strukturanalyse der zahnhartsubstanzen 
samt ihrer umgebung. W. J. Schmidt and 
A. Keil. Hanser, Munich, Germany, 1958. 
386 pp. DM. 48. 

The Atom and the Energy Revolution. 
Norman Lansdell. Penguin Books, Balti- 
more, Md., 1958. 200 pp. Paper, $0.85. 

Fossil Amphibians and Reptiles. W. E. 
Swinton. British Museum (Natural His- 
tory), London, 1958. 127 pp. 5s. 

Electrocardiographic Analysis. vol. 1. 
Biophysical principles of electrocardiog- 
raphy. Robert H. Bayley. Hoeber, New 
York, 1958. 253 pp. $8. 

Mechanisms of Inorganic Reactions. A 
study of metal complexes in solution. Fred 
Basolo and Ralph G. Pearson. Wiley, New 
York; Chapman & Hall, London, 1958. 
437 pp. $11.75. 

Principles of Noise. J. J. Freeman. 
Wiley, New York; Chapman & Hall, Lon- 
don, 1958. 309 pp. $9.25. 

Recent Advances in the Engineering 
Sciences. Their impact on engineering 
education. Proceedings of Conference on 
Science and Technology for Deans of En- 
gineering, 9-12 September, 1957, Purdue 
University, Lafayette, Ind. McGraw-Hill, 
New York, 1958. 265 pp. $4.75. 

An Introduction to Medical Mycology. 
George M. Lewis, Mary E. Hopper, J. 
Walter Wilson, Orda A. Plunkett. Year 
Book, Chicago, ed. 4, 1958. 471 pp. $15. 

Aids to Organic Chemistry for Medical 
Students. George A. Maw. Bailliere, Tind- 
all and Cox, London, ed. 5, 1958. 183 pp. 
$2.50. 

The Law of Water Allocation in the 
Eastern United States. Papers and pro- 
ceedings of a symposium held in Wash- 
ington, D.C., October, 1956, sponsored by 
the Conservation Foundation. David 
Haber and Stephen W. Bergen, Eds. 
Ronald, New York, 1958. 681 pp. $7.50. 

Foundations of Modern Physical Sci- 
ence. Gerald Holton and Duane H. D. 
Roller. Duane Roller, Ed. Addison-Wes- 
ley, Reading, Mass., 1958. 798 pp. $8.50. 

Analytic Geometry Problems. C. O. 
Oakley, Barnes & Noble, New York, 1958. 
281 pp. $1.95. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Recherches Ecologiques sur la Faune 
des Grands Lacs de Est du Congo Belge. 
vol. III, Fasc. 1, Exploration Hydrobiolo- 
gique des Lacs Kivu, Edouard et Albert 
(1952-1954). Resultats scientifiques. Jean 
Verbeke. Institut Royal des Sciences Nat- 
urelles de Belgique, Brussels, Belgium, 
1957. 177 pp. 

Problemes Haitiens. Essais sur la culture 
populaire, lurbanisme et Il agriculture. 
Achille Aristide. Imprimerie de lEtat, 
Port-au-Prince, Haiti, 1958. 123 pp. 

Department of Scientific and Industrial 
Research, Report for the Research Coun- 
cil for the Year 1956-57. Her Majesty’s 
Stationery Office, London, 1958. 69 pp. 4s. 

Economic Growth in the United States, 
Its Past and Future. A statement on na- 
tional policy by the Research and Policy 
Committee for Economic Development. 
February 1958. Commitiee for Economic 
Development, New York, 1958. 63 pp. 
$0.50. 

Cost Control through Electronic Data 
Processing. Phil Carroll. Society for Ad- 
vancement of Management, New York 11, 
1958. 32 pp. $1.50. 

Saxifraga of the Himalaya. Section 
Kabschia. Bulletin, Botany, vol. 2, No. 4. 
Harry Smith. 46 pp. 15s. The Identity 
of Stenopsyche Griseipennis McLachlan. 
(Trichoptera, Family Stenopsychidae) 
Bulletin, Entomology, vol. 6, No. 10. D. 
E. Kimmins. 10 pp. 3s. 6d. British Mu- 
seum (Natural History), London, 1958. 

Improving Science Programs in Illinois 
Schools. Analysis and recommendations of 
a Joint Committee on Improvement of 
Science Teaching. William O. Stanley and 
others, Eds. Univ. of Illinois, Urbana, 
1958. 87 pp. $0.25. 

Causation of Cancer. British Medical 
Bull., vol. 14, No. 2, May 1958. Medical 
Department, British Council, London, 
W.1, England. $4. 

Anatomical Atlas. Maud Jepson. Rine- 
hart, New York, rev. ed. 1958. 29 pp. 
$0.95. 

Effets Biologiques des Radiations. As- 
pects Biochimiques. vol. X of Protoplas- 
matologia, Handbuch der Protoplasma- 
forschung. Maurice Errera. Springer, Vi- 
enna, 1957. 241 pp. $13.55. 

Petrological Studies in Glen Urquhart, 
Inverness-Shire. Bulletin, Mineralogy, vol. 
1, No. 5. G. H. Francis. British Museum 
(Natural History), London, 1958, 42 pp. 
15s. 

The Structure of Some Leaves and 
Fructifications of the Glossopteris Flora 
of Tanganyika. Bulletin, Geology, vol. 3, 
No. 4. D. D. Pant. 51 pp. 21s. Lidgettonia, 
a New Type of Fertile Glossopteris. Bul- 
letin, Geology, vol. 3, No. 5. H. Hamshaw 
Thomas. 13 pp. 5s. The Faunal Succession 
in the Caradoc Series of South Shropshire. 
Bulletin, Geology, vol. 3, No. 6. William 
Thronton Dean. 40 pp. 14s. A New Laby- 
rinthodont (Paracyclotosaurus) from the 
Upper Trias of New South Wales. Bul- 
letin, Geology, vol. 3, No. 7. David 
Meredith Seares Watson. 31 pp. 15s. Brit- 
ish Museum (Natural History), London, 
1958. 
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Turnover of Young and Old 
Serum Proteins 


Up to now it remains unresolved 
whether the breakdown of serum protein 
molecules depends on their age, the old- 
est protein molecules breaking down first, 
or whether the protein molecules break 
down randomly. In experiments in which 
radioactive tracers are involved, it is 
assumed inherently that newly formed 
serum protein molecules and older mole- 
cules of the same type are identical and 
that they are metabolized at the same 
rate. The validity of this assumption has 
not yet been proved. The experiments 
described in this report had the purpose 
of determining whether newly formed 
and older rat serum proteins, after in- 
jection into young rats, have a similar 
turnover time or whether the older mole- 
cules are broken down at a higher rate 
(1). 

A yeast protein hydrolyzate containing 
S*5-amino acids was prepared as pre- 
viously described (2). Four Sprague- 
Dawley rats, weighing approximately 100 
g each, from four separate litters, were 
injected intraperitoneally with 2.4 x 10° 
count/min of the amino acid hydrol- 
yzate. Eight hours later the blood was 
withdrawn from these donor rats by 
heart puncture. This blood was pooled 
and allowed to clot, and the serum was 
removed. We designate the labeled 
serum proteins in this preparation as 
“young” proteins. Similarly, four other 
donor rats from four different litters 
were injected with 9x 10® count/min 
of the amino acid hydrolyzate. One of 
the rats died after 3.5 days (possibly of 
radiation sickiiess). The remaining three 
rats were bled by heart puncture 93.5 
hours after injection. The labeled serum 
proteins in this pooled preparation are 





All technical papers are published in this sec- 
tion. Manuscripts should be typed double-spaced 
and be submitted in duplicate. In length, they 
should be limited to the equivalent of 1200 words; 
this includes the space occupied by illustrative or 
tabular material, references and notes, and the 
author(s)’ name(s) and affiliation(s). Illustrative 
material should be limited to one table or one 
figure. All explanatory notes, including acknowl- 
edgments and authorization for publication, and 
literature references are to be numbered consecu- 
tively, keyed into the text proper, and placed at the 
end of the article under the heading “References 
and Notes.” For fuller details see “Suggestions to 
Contributors” in Science 125, 16 (4 Jan. 1957). 
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designated as “old” proteins. The bulk 
of the globulins of the “young” and 
“old” sera was removed by 50-percent 
saturation with ammonium sulfate; the 
albumin fraction was salted out by satu- 
ration of the supernatant solution with 
ammonium sulfate. The precipitate was 
dissolved in 45 ml of water, brought to 
pH 8, mixed with 18 mg of cysteine, and 
kept in the cold room for 2 hours. It 
was then dialyzed against water. Paper 
electrophoresis showed ‘that 72 percent 
of this albumin fraction consisted of al- 
bumin, and 11, 13, and 4 percent of a-, 
B-, and y-globulin, respectively. 

The radioactive “young” albumins 
were injected via the femoral vein into 
four litters of Sprague-Dawley rats, each 
litter consisting of seven or eight animals. 
The dose injected per recipient rat was 
0.84 mg (260,000 count/min) in 0.2 ml. 
Fifteen days later four other litters of 
recipient rats were injected, each animal 
receiving 1.1 mg (130,000 count/min) 
of the “old ” serum protein in 0.4 ml. 
During this period of 15 days, the weight 
of the second group of animals increased 
so that the average weight at death was 
137 g for the first group and 203 g for 
the second group of animals. 

Rats (one from each litter) were ex- 
sanguinated by heart puncture 1, 2, 3, 4, 
5 (or 5.8), 8, and 9 days after injection, 
and their livers were removed. The blood 
was allowed to clot; the serum was then 
removed and the bulk of the globulins 
was salted out by half-saturation with 
ammonium sulfate. The supernatant al- 
bumin fraction was dialyzed against 
water and subsequently precipitated by 
trichloroacetic acid (TCA). Protein 
powders were prepared from the TCA- 
precipitated serum proteins and from the 
homogenized liver as described earlier 
(3). They were counted on a gas flow 
counter that had a thin window. 

We present our data in terms of rela- 
tive specific activity (R.S.A.) which is 
defined as follows (3) : 


count/min in 100 mg protein 


R.S.A. = 





count/min injected per g body wt. 


The values for relative specific activity 
of the serum albumin fraction and of the 
liver protein obtained from the four (in 
some instances three) recipient rats simi- 
larly injected and exsanguinated on the 





same day were averaged and are pre- 
sented in Fig. 1. A significantly higher 
relative specific activity is found in the 
“old” aibumins 24 hours after injection, 
before complete equilibration with the 
extravascular fluids. The slower rate of 
equilibration in these animals may be 
due to their larger size. 

After the first day, the decrease of rela- 
tive specific activity of old and young 
proteins was almost linear when plotted 
on semilogarithmic paper. Straight lines 
(Fig. 1) were calculated from the values 
between the second and ninth days by 
means of the method of least squares. 
Their slope indicates half-lives of 2.9 
days for the “young” and 2.8 days for 
the “old” rat serum proteins of the albu- 
min fraction. The small difference be- 
tween these two values is not significant 
in view of considerable individual varia- 
tions, 

The half-lives calculated from the 
decay rate of the circulating S%5-rat 
serum albumin fraction are apparent 
half-lives, since they are the result not 
only of breakdown of the injected mate- 
rial but also of reutilization of breakdown 
products, S*°-amino acids, for the forma- 
tion of new plasma proteins (4). The 
reutilization of S*5-amino acids is clearly 
indicated by their incorporation into the 
liver proteins (Fig. 1). However, the true 
half-life of the serum proteins is only 
slightly lower than their apparent half- 
life (5). 

In evaluating the breakdown of old 
and young serum proteins, it must be 
borne in mind that the “young” albu- 
mins are formed within 8 hours after 
injection of S*5-amino acids so that their 
age cannot be more than 8 hours. If 
neither breakdown nor reutilization of 









‘a OLD ia 15.0 
Rs YOUNG = o—— 10.0-] 
F 7.0 4 
a ALBUMIN an 
L FRACTION *° 7 


3.0 - 





8 DAYS 
1 i 1 i rl i n i 1 











Fig. 1. Relative specific activities of serum 
albumin fraction and liver protein be- 
tween the first and ninth days after injec- 
tion of S*-rat serum protein into rats. 


SCIENCE, VOL. 128 





pre- 
gher 
1 the 
tion, 
. the 
te of 
y be 


rela- 
oung 
otted 
lines 
alues 
ys by 
ares. 
EP 29 
s for 
albu- 
2 be- 
icant 
raria- 


the 
35-rat 
arent 
t not 
nate- 
down 
yrma- 
The 
learly 
o the 
= true 
only 
half- 


f old 
st be 
albu- 
after 
- their 
rs. Tt 
on of 


10.0— 
70 4 
50-4 
40 4 
3.0 4 
2.0 - 
1.o— 


07 4 


05 

0.4 4 
_ 

0.34 
DAYS 
——— 





‘serum 
in be- 
r injec- 
ts. 


OL. 128 





breakdown products occurred, their aver- 
age age would be 4 hours. Both processes 
occur to a small extent, so that the aver- 
age age is slightly less than 4 hours. The 
“old” serum proteins are formed within 
a period of 93.5 hours after injection. 
Since most of the injected S*5-amino 
acids are incorporated in the first few 
hours after injection, the average age of 
the “old” serum proteins at the time of 
exsanguination is probably between 80 
and 90 hours. Although new S%-serum 
protein is formed later by reutilization 
of breakdown products, the extent of 
this process is so small that it can be 
neglected here. 

In spite of the large difference in age 
between the “young” and “old” proteins, 
we find no significant difference in their 
half-lives, nor in their utilization for 
the formation of liver protein. There is 
no indication that the age of the mole- 
cules has any influence on their rate of 
breakdown. We conclude, therefore, that 
the injected serum protein molecules are 
broken down randomly without any 
preference for “young” or “old” mole- 
cules. 

Harry WALTER* 
Feurx Havurowitz 
Department of Chemistry, 
Indiana University, Bloomington 
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Metabolic Reactivation of 
Rickettsiae by 
Diphosphopyridine Nucleotide 


A previous report from this laboratory 
(1) has shown that p-aminobenzoic acid 
(PABA) forms an adduct with diphos- 
phopyridine nucleotide (DPN*), render- 
ing DPN+ unavailable to DPNase. One 
implication of these experiments has 
been applied to link two apparently sepa- 
rated phenomena involving rickettsiae. 
Fifteen years ago (2) it was shown that 
PABA inhibits rickettsial proliferation, 
and recently Bovarnick (3, 4) has shown 
“reactivation” of “inactivated” typhus 
rickettsiae by DPN+. While inconclusive 
explanations for the PABA inhibition 
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Table 1. Effect of PABA on the reduction of DPN* by rickettsial extracts. PABA, 8 
umole/ml ; 3,5-dimethyl-4-aminobenzoic acid, 8 pmole/ml ; exogenous DPN*, 8 pmole/ml; 
L-K-malate, 0.3M; buffer, tris, 0.05M, pH 7.4; C. burnetii extract, 1.2 umole of DPN* 
per milliliter; R. prowazeki extract, 1.86 umole/ml; volume made to 3 ml with distilled 
water; temperature, 35°C. System I was incubated for 16 hr, then system II was added; 
this mixture was incubated for 2 hr, and then system III added; the final mixture was 
incubated 45 min; AOD was measured at 340 my in Beckman B spectrophotometer, and 


represents final value. 








2 





a 1 3 + 5 6 
: (ml) (ml) (ml) (ml) (ml) (ml) 
I 
Enzyme 0.3 0.3 0.3 0.3 0.3 0.3 
Buffer 0.5 0.5 0.5 0.5 0.5 0.5 
PABA 0.1 0.1 
3,5-diMe-PABA 0.1 
II Exogenous DPN* 0.2 0.2 
III Malate ; 0.5 0.5 0.5 0.5 0.5 
AOD 
C. burnetii 0 0.19 0.04 0.19 0.35 0.14 
R. prowazeki 0 0.28 0.03 0.28 0.43 23 





have been offered (5, 6), no adequate 
theory has been presented explaining the 
“reactivation” role of DPN+, and cer- 
tainly neither evidence nor hypothesis 
has ever been proposed relating these 
widely separated observations. In this 
preliminary report (7) evidence is pre- 
sented that the PABA-DPN* adduct (/) 
prevents rickettsial dehydrogenase activ- 
ity and that such activity is restored 
when exogenous DPN¢* is added to rick- 
ettsiae. 

Purified suspensions of Coxiella bur- 
netit (8), LD;, of 10-8, and the Madrid E 
strain of Rickettsia prowazeki, LD,,_ of 
10-§ to 10°° (7), were separately treated 
in the Raytheon 9 KC sonic oscillator, and 
enzyme extracts were prepared. The 
DPN* contents of the rickettsial extracts 
were determined according to the pro- 
cedure described by Racker (9). The 
cell-free preparation from Coxiella bur- 
netit contained 0.36 umole of DPN? per 
0.3 ml, and the Rickettsia prowazeki had 
0.56 umole of DPN+ per 0.3 ml. These 
amounts were equivalent under the con- 
ditions employed to AOD’s at 340 mu 
of 0.17 and 0.205, respectively. The en- 
zymes were treated with PABA, and then 
reacted with malate, as is shown in 
Table 1. 

The data unequivocally show that, 
after reaction with PABA, rickettsial 
DPN+* is not reduced and that such in- 
hibition is partially relieved by the ad- 
dition of exogenous DPN* to the system. 
The addition of 0.8 umole of PABA to 
Coxiella burnetii produced 79 percent 
inhibition. When 1.6 umole of exogenous 
DPN?+ was added, the inhibition was re- 
duced to 60 percent. For Madrid E, 
under identical conditions, 89 percent 
PABA inhibition obtained; the inhibition 
fell to 46 percent upon addition of 
DPN+. When 0.8 umole of 3,5-dimethyl- 
4-aminobenzoic acid was added instead 
of PABA, no inhibition of dehydrogenase 
activity was observed. This is in agree- 


ment with theory, since the methyl 
groups on the 3- and 5-positions block 
the formation of a negatively charged 
structure at these sites (1). These experi- 
ments have now been repeated three 
times, with similar results. 

Previous work in these laboratories 
(1) has shown that DPN*+ chemically in- 
teracts with PABA, forming an adduct. 
Due to resonance, the unshared pair of 
electrons of the amino group of the 
PABA molecule can be shared by the 
ortho and para carbon atoms of the ring, 
and therefore the molecule becomes sus- 
ceptible to attack by an electrophilic 
agent such as DPN*. The negatively 
charged ortho carbon of the PABA adds 
to the positively charged para carbon of 
the pyridinium moiety of DPN+t. The 
evidence presented in this report sug- 
gests an explanation for the inhibition 
of rickettsiae by PABA, based on the 
above reaction. By forming an adduct 
with rickettsial DPN*, PABA effectively 
inhibits cellular reactions involving this 
vital coenzyme, thus inhibiting rickettsial 
metabolism. The addition of exogenous 
DPN+* to such a system relieves inhibi- 
tion. Other explanations have been pre- 
viously offered for the rickettsiostatic 
effect of PABA. Greiff and Pinkerton 
(5) employed PABA on rickettsial-in- 
fected embryonated eggs. They proposed 
that PABA participated in undescribed 
respiratory mechanisms. In effect, the 
PABA acted by enhancement of host cell 
respiration, with resulting deleterious 
effect on rickettsiae. Snyder and Davis 
(6) demonstrated that the addition of 
p-hydroxybenzoic acid to rickettsiae-in- 
fected embryonated eggs relieved PABA 
inhibition of rickettsiae. They claimed 
that p-hydroxybenzoic acid competitively 
reverses the action of PABA on rickett- 
siae. In the work reported in this paper, 
the inhibitory effect of PABA has been 
examined in enzyme extracts of purified, 
nonproliferating rickettsiae. Under such 
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conditions the complicating reactions of 
the host cells are removed. 

A report is now in preparation de- 
scribing analogous experiments in our 
laboratories, in which sulfanilamide was 
employed instead of PABA. Sulfanil- 
amide is similar to PABA not only in 
structure but in that similar resonant 
structures exist in which the positions 
ortho to the amino group possess a for- 
mal negative charge. Sulfanilamide in- 
hibitions similar to our already described 
PABA inhibition have been observed 
with Gram-positive and Gram-negative 
bacteria as well as with cell-free prepa- 
rations of rickettsiae. As in the case of 
PABA, these inhibitions are relieved by 
the addition of DPN*+. Andrewes et al. 
(10) found that -sulphonamidobenz- 
amidine and _ -sulphonamidobenzami- 
doxime were potent antirickettsial 
agents. It is of interest to note that both 
of these compounds can give rise to res- 
onant structures bearing formal negative 
charges in the ortho positions, which 
should permit addition to the para posi- 
tion of DPN+. Among other things, An- 
drewes et al. (10) proposed that nu- 
clear-substituted sulfonamides have “the 
specific power of adding on to some un- 
known structure in the enzyme and thus 
affecting its activity.” They further state 
“it is significant that a free amino group 
is essential in all drugs derived from 
sulphanilamide for activity.” The latter 
statement can now be reexamined in 
light of reference (1). Cell permeability 
has been found in our laboratories to 
play a significant role in the antibacte- 
ial property of sulfanilamide against 
rickettsial infections. 

The evidence presented suggests a 
simultaneous explanation for both the 
inhibition of rickettsiae by PABA and 
the DPN? reactivation phenomenon of 
Bovarnick (4). Both the Snyder and 
Bovarnick phenomena seem to have 
DPN* involvement as a common factor, 
the PABA inhibition phenomenon being 
due to inactivation of rickettsial DPN+ 
while Bovarnick’s reactivation phenome- 
non restores the DPN?* to rickettsiae in 
which DPN* has been eliminated by 
physical methods. The implications of 
the data presented, insofar as they offer 
an additional mode of sulfonamide ac- 
tion, are apparent and emphasize the 
biological significance of the chemical 
reactivity of DPN*. 

A. L, GuarpIoLa 
D. ParETSKY 
Department of Bacteriology, 
University of Kansas, Lawrence 
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Color Reaction of Bilirubin with 
Sulfuric Acid: a Direct 
Diazo-Reacting Bilirubin Sulfate 


A color reaction of bilirubin with the 
Liebermann-Burchard reagent was first 
observed in 1936, but was not reported 
or studied in detail at that time. It was 
noted then, however, that following this 
reaction the bilirubin became soluble in 
water. Unfortunately the significance of 
this change in relation to the diazo re- 
action was not appreciated at that time. 

This reaction has now been studied in 
some detail and has been found to be of 
special interest because it yields an ani- 
onic complex of bilirubin which exhibits 
a prompt, direct diazo reaction. Except 
for a brief reference in a recent paper 
of mine (J), no mention of the color 
reaction has been found in the literature. 
The reaction occurs more slowly with 
bilirubin and sulfuric acid alone, and it 
is evident that the acetic anhydride in 
the Lieberrnann-Burchard reagent serves 
only as a vehicle to bring the sulfuric 
acid into rapid contact with the bilirubin. 
The addition of 1 ml of the acetic an- 
hydride-sulfuric acid (10:1) reagent to 
5 ml of a chloroform solution of bili- 
rubin is followed promptly by a dark red 
color, the reaction mixture then exhibit- 
ing a strong absorption band at maxi- 
mum 540 mu, If the solution is shaken 
in a separatory funnel with distilled 
water, the red color at once changes to 
brown-yellow, and it is evident that 
much of the pigment has now become 
water soluble, this fraction entering the 
aqueous phase. 

The remainder of the bilirubin in the 
chloroform phase may be converted to 
the water-soluble type by successive addi- 
tion of small amounts of the Lieber- 
mann-Burchard reagent and_ shaking 
with water. It is evident that in the 
course of the reaction small fractions of 
the bilirubin are converted to a dark 
brown pigment, probably _ bilifuscin, 
which precipitates at the interphase. 





Biliverdin is also formed in considerable 
amount, and it continues to form, so that 
the aqueous, initially yellow or brownish 
yellow soon becomes greenish brown. 

After separation of the pooled aqueous 
fraction from any entrained chloroform, 
by filtration, the van den Bergh reaction 
is prompt and direct in type. Unlike the 
behavior of starting bilirubin, its be- 
havior is polar, as is shown by reverse 
phase chromatography on. siliconized 
kieselguhr, by the method of Cole and 
co-workers (2). The substance corre- 
sponds in chromatographic behavior to 
their pigment II. The polar pigment is 
readily separated from biliverdin and 
other impurities by adsorption on a col- 
umn of aluminum oxide. The diazo-re- 
acting pigment is held at the top of the 
column, the impurities coming off with 
the effluent. The pigment is then readily 
eluated with 0.1N sodium hydroxide so- 
lution. It retains its polar character and 
is not extracted by chloroform upon 
acidification of the eluate. 

Thus far it has been impossible to 
crystallize this prompt, direct diazo-re- 
acting compound, It is quite labile, read- 
ily undergoing oxidation to biliverdin 
and bilifuscin. Due to its polar behavior 
and water solubility, it is difficult to 
transfer to organic solvents, although it is 
extracted in part by n-butanol at pH 
4 to 5.0. The polar, prompt and direct- 
reacting pigment is readily diazotized in 
the initial aqueous solution after the pH 
is adjusted to 4.0. The azo compound is 
extracted by n-butanol and may then be 
compared with the azo dipyrryl com- 
pounds of free bilirubin and of the 
conjugated bilirubin of human bile, 
which, according to recent evidence, is 
mainly an ester diglucuronide (3-6). 
The crude bilirubin glucuronide used in 
the present study was prepared by Mal- 
colm Campbell (7). For the present 
comparison, Schmid’s paper chromato- 
graphic method (3) was used. The con- 
centrated butanol solutions of the three 
azo compounds were run on the same 
strip (Whatman 3 MM), ascending 
chromatography being achieved with 
n-propionic acid, methyl ethyl ketone, 
and water (25:75:30). With a solvent 
front of about 30 cm, the R; for the azo 
pigment from crystalline bilirubin is 
0.55, that of the glucuronide 0.40. The 
bilirubin sulfate regularly exhibits two 
zones, 0.30 (red) and 0.22 (purple). The 
basis for this has not been determined 
and is receiving further study. 

It has been possible to show that the 
azo pyrryl compound, after paper chro- 
matography as described, contains sul- 
fate, while that of the glucuronide, under 
the same conditions, does not. For this 
demonstration (8) a considerable amount 
of each azo pigment was chromato- 
graphed, then eluted from the paper by 
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ethyl alcohol containing 10 percent HCl 
(wt./vol.). This solution was concen- 
trated to dryness on a water bath, re- 
dissolved in a small amount of 6N HCl, 
and heated at 100°C for 1 hour to hy- 
drolyze the conjugate. The resulting solu- 
tions were subjected to the BaNO, test 
(8) for sulfate ion. This test was con- 
sistently positive with the compound be- 
lieved to be the azo pyrryl sulfate, and 
negative with the azo pyrryl glucuronide 
from bile. After hydrolysis of the glu- 
curonide followed by paper chromatog- 
raphy of the reaction mixture and elu- 
tion with ethanol-HCl (9), glucuronic 
acid was demonstrable by Dische’s 
method (10). 

Apart from strictly chemical consider- 
ations, a bilirubin sulfate is of special 
interest in the demonstration of another 
conjugate of bilirubin with an acid radi- 
cal characterized by a change in the van 
den Bergh reaction from indirect to 
prompt direct, of the type observed in 
the bile and in blood serum from pa- 
tients with “regurgitation” jaundice. 
Billing et al. (5) observed that the con- 
jugated bilirubin from bile is readily 
converted to free bilirubin in 0.06N 
NaOH at room temperature. They 
noted, however, that a small fraction was 
stable to this treatment, behaving as 
though it were a different type of conju- 
gate. The present bilirubin sulfate is also 
unaffected by this treatment. Neverthe- 
less, an azo pyrryl compound with Ry, 
corresponding to the sulfate has not thus 
far been encountered in bile or samples 
of blood serum, and thus it cannot be 
stated that the small fraction of alkali- 
stable, direct-reacting bilirubin observed 
by Billing is a sulfate. The fact that the 
bilirubin sulfate is alkali-stable, as com- 
pared with the glucuronide, may indicate 
that the conjugation is through the OH 
rather than the COOH groups, the latter 
being conjugated in the glucuronide (6). 

Despite the failure, at least thus far, to 
observe the Ry, of bilirubin sulfate on 
paper chromatograms of natural mate- 
rial (bile and blood serum), it is recog- 
nized that at least under certain circum- 
stances complexes of bilirubin with acid 
radicals other than glucuronic acid might 
be responsible for a prompt, direct diazo 
reaction (//). 

C. J. Watson 
Department of Medicine, University of 
Minnesota Hospitals, Minneapolis 
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Possible Involvement of 
Lipids in Protein Synthesis 


Since the pioneering observations of 
Caspersson (1) and Brachet (2) some 
17 years ago on the coincidence of loca- 
tion of ribonucleic acid and protein-syn- 
thesizing ability, an impressive number 
of correlative observations has accumu- 
lated (3). Because of the sheer weight 
of this information, one is compelled to 
recognize that, in general, the mainte- 
nance of protein synthesis is dependent 
upon the integrity and, in some cases, 
upon the dynamic state of the ribonu- 
cleic acid. 

The number of papers appearing in 
the literature pertaining to the possible 
role of ribonucleic acid in protein syn- 
thesis has followed an almost autocata- 
lytic curve, such that in the first decade 
after the initial observations compara- 
tively little was done or said about the 
relationship. The emphasis, however, has 
continued to grow at an increasing rate, 
so that at present, practically all work 
in the field includes some observation 
which is interpreted in terms of the an- 
ticipated close relationship. At present 
ribonucleic acid is given the role of 
template (4), amino acid carrier (5), 
and activator (4). 

The danger in this trend is in the pos- 
sibility that it. may tend to overshadow 
and obscure other aspects of the prob- 
lem of protein synthesis. The fact that 


microsomal material of a wide variety 
of cells appears to be the most active 
component with respect to protein syn- 
thesis (amino acid incorporation) and 
that the major part of the cellular ribo- 
nucleic acid is also contained in this 
structure is often cited in favor of the 
ribonucleic acid—protein relationship. It 
is often overlooked, however, that most 
of the cytoplasmic lipid is also in this 
structure and, interestingly enough, ac- 
counts for about 5 times as much of the 
total weight as the ribonucleic acid (6). 
A substantial group of observations 
supporting a ribonucleic acid—protein re- 
lationship is based on the fact that pre- 
liminary NaCl extraction or ribonuclease 
treatment strongly inhibits amino acid 
incorporation in cells and cell fragments 
(3). It has been similarly observed that 
in the hen oviduct, purified lecithinase A 
(7), lysolecithin (7) and deoxycholate 
have a very potent inhibitory effect on 
amino acid incorporation (Table 1). 
Coenzyme A and cytosine triphosphate 
have been shown to be actively involved 
in the biosynthesis of lipids (8). Stimu- 
lation of incorporation of amino acids 
into protein has been observed in the 
hen oviduct upon the addition of CoA 
and cytosine triphosphate (9). These 
findings may be the result of a quite 
indirect relation in the over-all metabo- 
lism of the cell, as is also true in most 
of the observations linking ribonucleic 
acid to protein synthesis. In experiments 
reported in this paper (10) it has been 
observed that after a few minutes’ incu- 
bation the chloroform-soluble lipid frac- 
tion of hen oviduct contains relatively 
large amounts of radioactivity compared 
with the amount which is entering the 
proteins or is associated with the nucleic 
acids. For example, after a 10-minute 
incubation of a hen oviduct mince with 
phenylalanine, in which the total cold 
trichloroacetic acid soluble radioactivity 
within the cell was 390,000 count/min, 
the total proteins contained 11,200 
count/min, the total nucleic acids (solu- 
ble in 5 percent trichloroacetic acid at 


Table 1. Effect of lipolytic agents and ribonuclease on phenylalanine-3-C™ incorporation 


in hen oviduct mince. 








Total 





Conditions for 5-min Medium count/min Percentage 
pretreatment concentration* incorporated inhibition} 
in 10 min 
Control (no additions) 17,200 
Lecithinase A 70 pg/ml 9,000 48 
Lysolecithin 210 pg/ml 7,150 59 
Deoxycholic acid 0.5%} 4,600 73 
Ribonuclease 210 pg/ml 12,600 34 





* These figures are based on the total liquid volume in the incubation and do not indicate the internal 


concentration of the cells. 


+ These effects are not due to decreased ability of cells to take up amino acid. . 
t Since the solubility of deoxycholic acid in water is only 0.025 percent, the actual external concentration 


was much lower. 
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90°C in 15 minutes and two washes) 
contained 800 count/min, and the total 
chloroform-soluble lipids contained 9000 
count/min. 

The lipid-soluble radioactivity can 
rapidly enter and leave the lipid frac- 
tion and, on the basis of its partition be- 
havior between aqueous and nonaqueous 
solvents, cannot be in the free amino 
acid form. Hydrolysis liberates the radio- 
activity in the form of the administered 
amino acid (alanine and phenylalanine). 
Furthermore, the chloroform-soluble lip- 
id fraction contains relatively large 
amounts of bound amino acids, which 
upon hydrolysis appear to represent 
most or all of the common amino acids. 

During the past 7 years there have 
been a number of reports of amino acid 
and peptide components of lipid frac- 
tions (//). Since peptides are noticeably 
absent in the aqueous part of the cell, 
it is unlikely that they are carried over 
into the lipid fraction as an artifact. 
Folch and Lees (12) have described a 
class of proteolipids characterized by 
their occurring as a white fluff when a 
solution of a chloroform-methanol ex- 
tract of tissue is allowed to equilibrate 
with water. Material having similar 
characteristics accounts for a major por- 
tion of the lipid-soluble radioactivity 0- 
tained when hen oviduct is incubated 
with radioactive amino acid. In the past 
several years many intensive efforts have 
been made to find protein precursor ma- 
terial presumably of peptide nature. 
These efforts have generally met with 
failure. Since lipid-soluble materials 
were eliminated in most of these at- 
tempts, it would seem worth while to 
reconsider the possibility that such pre- 
cursor material may be concentrated in 
this hitherto ignored fraction. 

Several theoretical aspects would 
make the consideration of a lipid par- 
ticipation in protein synthesis seem 
worth while. The microsomal mem- 
branes present an extensive oriented lipid 
surface within the cytoplasm. Since it 
would appear that amino acids may 
occur in a lipid-soluble complex, it 
would seem that an efficient means of 
rapid amino acid accumulation at sites 
of synthesis may be accomplished by the 
structure. Furthermore, the energy con- 
siderations in the condensation of two 
amino acids to form a peptide bond with 
the concomitant splitting out of water 
would favor a medium of low water 
concentration, 

The present arguments do not in any 
way detract from the apparent relation- 
ship of ribonucleic-acid and protein syn- 
thesis but are intended to show another 
possible aspect in the over-all problem. 

Ricuarp W, HENDLER 
Laboratory of Cellular Physiology and 
Metabolism, National Heart Institute, 
Bethesda, Maryland 
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Measurement of the Permeability 
of the Two Surfaces 
of a Living Membrane 


Recent studies have demonstrated ac- 
tive sodium transport by the isolated 
toad bladder (1). Histologically, toad 
bladder consists of a single layer of mu- 
cosal cells supported on a thin layer of 
connective tissue containing the blood 
supply to the tissue and occasional small 
bundles of smooth muscle. Most of the 
outer bladder surface has a serosal cover. 

When this tissue is mounted as a mem- 
brane separating two halves of a Lucite 
chamber, it can be shown that sodium is 
actively transported from the solution 
bathing the mucosal surface to that bath- 
ing the serosal surface—that is, in the 
direction of reabsorption from the blad- 
der urine. Under anaerobic conditions, 
active sodium transport continues, al- 
though at a lesser rate than in the pres- 
ence of oxygen, and this transport is asso- 
ciated with glycolysis. The lactic acid 
formed from the glycogen within the 
membrane does not distribute _ itself 
equally about the two surfaces of the 
membrane, but, regularly, much more 
accumulates in the medium bathing the 
serosal surface than in the medium 
bathing the mucosal surface. This dis- 
tribution of endogenous lactate is not in- 
fluenced by the pH of the medium on 
the two sides of the membrane or by the 
transmembrane electrical potential. This 
distribution is not dependent on the con- 
commitant transport of sodium ions, for 
it occurs even when the medium is a 
choline or magnesium Ringer devoid of 
sodium. A similar distributon of lactate 
has been demonstrated about the mu- 
cosa of the rat intestine in vitro by 
Wilson (2). 

Although more lactate accumulates in 
the serosal bathing medium than in the 





mucosal medium, the concentration of 
lactate is even higher in the tissue water 
than in the bathing medium. The sim- 
plest explanation for the distribution of 
lactate in the bathing medium is that 
the mucosal surface is less permeable to 
lactate than the serosal surface and 
hence more lactate diffuses out through 
the latter than through the former. 

Figure 1 is a schematic representation 
of a segment of the bladder wall. The 
two parallel vertical lines represent the 
mucosal and serosal surfaces of the mem- 
brane, respectively (actually, probably 
the opposite faces of the mucosal layer 
of cells); k, and k, are the respective 
permeability coefficients of these two sur- 
faces; C,, C,,, and C, are the concentra- 
tions in mucosal medium, membrane 
water, and serosal medium of any sub- 
stance whose permeation is being studied 
—in this case, lactate. 

The generalized equation for the uni- 


directional flux, 47, per unit time for a ° 


substance whose concentration on one 
side is C, across a unit area of membrane 
containing n separate diffusion barriers 
is: 


ki + ke ks+...kn 
(ki + ke) (ke + hs)... (kn-1 + kn) 
(1) 
The requirement for passive diffusion 
across any barrier is that the respective 
value of k be the same in both directions. 
If any process in the membrane facili- 
tates the movement of the test substance 
in any manner in one direction across the 
diffusion barrier, this distinction must be 
recognized, and the resulting different 
values of k for the two directions must 
be used in this equation. 

In the case of lactate formed within 
the membrane, there must exist at least 
the two diffusion barriers depicted in 
Fig. 1. The net flux, N, of lactate from 
mucosal to serosal surface is simply 





M=C 








= ki . ko 
N=(C. Ci) Eth (2) 
However, there must also exist a trans- 
membrane permeability _ coefficient, 
K trans» Such that 
N=(Co-C:) Kerans (3) 
Therefore, 
_ kivks 
Kerans = ki + ke (4) 


By adding a tracer amount of radio- 
active C14-labeled lactate to the medium 
bathing one surface, let us say the mu- 
cosal side, and measuring its rate of ap- 
pearance on the opposite side, Kirang can 
be directly evaluated over successive 
periods. After several periods during 
which the constancy of flux rate indicates 
that a steady state has been achieved, 
the experiment is terminated, and the 
membrane is rapidly weighed and ho- 
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Fig. 1. Schematic representation of a cross 
section of bladder wall with vertical lines 
denoting the mucosal and serosal surfaces, 
respectively. 


mogenized in 10 percent trichloroacetic 
acid to extract the lactate from the tis- 
sue. The concentration of C14-labeled 
lactate in tissue water (3) can thus be 
obtained. From the concentration of 
C14-labeled lactate within the membrane 
water and its rate of appearance in the 
serosal bathing medium, k, can likewise 
be directly evaluated. By substituting 
values for Ktrang and k, into Eq. 4, k, 
may then be calculated. Because of the 
relatively low permeability of the mem- 
brane to lactate, C,, will remain so much 
larger than C, during an experiment 
that back diffusion may be ignored. The 
values for k, and k, may, of course, be 
evaluated as readily in the opposite di- 
rection. 

Table 1 shows the values obtained for 
k, and k, when measurement was made 
from mucosal to serosal sides in nine 
30-minute periods in three experiments, 
and from serosal to mucosal surface in 
twenty 30-minute periods in eight ex- 
periments. In every period, k, was found 
to be significantly larger than k,. Note 
that any C-labeled lactate from the 
medium adherent to the mucosal surface 


Table 1. Mean values for permeability 
coefficients for C**-labeled lactate through 
the isolated toad bladder. All values are 
means plus or minus the standard error of 
the mean and are expressed as cm/sec 
x 107. The figures in parentheses give the 
number of 30 minute periods upon which 
each value is based. 





ki ka Kerans 


A, C¥-labeled lactate placed on 
serosal side initially 
5.114059 94.4417 4.62+0.47 
(22) (20) (22) 

B. C"-labeled lactate placed on 
mucosal side initially 
4.86+0.67 95.420 4.65+0.62 
(9) (9) (9) 
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of the bladder will be measured as tissue 
lactate and tend to make k, falsely too 
low while medium C"*-labeled lactate 
adherent to the serosal surface will result 
in underestimation of k,. In spite of this 
expected limitation in the experimental 
procedure, satisfactory agreement was 
found for the values of k, and k,, re- 
spectively, when measurement was made 
in the two directions. This difference in 
permeability of the two surfaces of the 
isolated toad bladder is sufficient to ac- 
count for the observed asymmetrical dis- 
tribution of lactate about this membrane. 

Since all permeability measurements 
were made across the short-circuited 
membrane (4)—that is, with no electri- 
cal or chemical gradients across the 
membrane except those of the added 
radioactive isotopes—the expectation for 
passive ion movement through the mem- 
brane is an equal permeability coefficient 
as measured in the two directions across 
the membrane. The mean values and 
standard errors of the mean shown in 
Table 1 for lactate for Kiran, ';, and k, 
indicate no significant differences in per- 
meability whether the values were ob- 
tained during measurements of mucosal 
to serosal or serosal to mucosal flux. 
Considering that the measurements in 
the two opposing directions were of ne- 
cessity done on different membranes, the 
agreement is surprisingly good. Thus the 
passive nature of the lactate movement 
(simple diffusion) through this mem- 
brane is demonstrated. 

The permeability coefficients are ex- 
pressed in centimeters per second instead 
of square centimeters per second as is 
customary. This is necessary because the 
thickness of the diffusion barriers is as 
yet unknown. We do not know whether 
the difference between k, and k, is at- 
tributable to a difference in structure of 
the opposite surfaces of the membrane, 
to a difference in thickness of diffusion 
barriers of similar structure, or even to 
a difference in effective surface area of 
the two faces of the bladder. This limita- 
tion does not affect the relative func- 
tional magnitude of k, and k,, which is 
what has been measured simultaneously 
in the same membrane. 

By analogy with lactate, it is suggested 
that the main barrier to passive diffusion 
of sodium is also at the mucosal surface. 
Such a situation would necessitate that 
at least part of the active sodium trans- 
port mechanism (moving sodium from 
the mucosal to serosal side) be located 
on the mucosal surface and function to 
admit sodium into the mucosal cells at 
a rate more rapid than can be accounted 
for by passive diffusion alone (5). 

ALEXANDER LEAF 
Departments of Medicine, Massachusetts 
General Hospital and Harvard Medical 
School, Boston, Massachusetts, and 
Howard Hughes Medical Institute 
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Ability of Bats to Discriminate 
Echoes from Louder Noise 


The dependence of bats upon echolo- 
cation suggests a vulnerability to inter- 
ference by loud noises. Yet hundreds fly 
together in the darkness of caves, and 
artificial jamming sounds have remark- 
ably little effect in the laboratory (J). 
Continuous thermal or “white” noise 
covering the entire frequency range of 
the orientation sounds of the long-eared 
bat Plecotus (Corynorhinus) rafinesquii 
does increase slightly the figure for mini- 
mum detectable size of wire obstacles. 
This finding permits measurements of 
the bat’s ability to discriminate echoes 
from noise (2). 

Across the central part of a 32- by 12- 
by 8-ft room, 28 vertical wires were ar- 
ranged in four staggered rows, so that a 
bat had to fly a zigzag course to dodge 
the wires at more than the chance level 
of about 40 percent misses. With the 
more skillful individual Plecotus, the 
smallest size wire detectable in the quiet 
was one of diameter between 0.2 and 0.5 
mm, well below the wavelengths of the 
bats’ orientation sounds (8 to 14 mm). 
Thermal noise was generated by two 
banks of 35 electrostatic loud-speakers, 
which faced the array of wires from op- 
posite ends of the room. In almost the 
whole space where wires were detected 
and dodged, the over-all sound-pressure 
level was between 80 and 90 db above 
the standard reference level of 0.0002 
dyne/cm?, and even at the lowest points 
it exceeded 70 db. The spectrum level 
of the noise varied no more than +5 db 
from 15 to 55 kcy/sec, but fell off 
sharply beyond these limits; thus, the 
noise level per cycle of band width was 
usually more than 34 db and always ex- 
ceeded 24 db. Figure 1 includes all data 
for the five individual Plecotus whose 
flight was most consistent during 5 days 
when they were at the peak of their fly- 
ing skill and avoided 1- to 1.5-mm wires 
in 80 to 100 percent of the flights, in 
quiet and in noise. In the control tests, 
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Fig. 1. Obstacle avoidance scores of Plecotus rafinesquii flying through an array of ver- 
tical wires, in quiet and in thermal noise, as a function of the diameter of the wires. 
Each bar graph shows the percentage of misses for a single bat during the period when 
it was at its maximum level of flying skill, for flights in the quiet (Q) and for those in 
the noise (N). The number of trials in each series is listed below each bar. The estimated 
echo levels are given in decibels above 0.0002 dyne/cm’. 


consisting of about equal numbers of 
flights in the quiet before and after in- 
troduction of the noise, these bats showed 
no appreciable deterioration of perform- 
ance due to fatigue or other factors. All 
these bats flew skillfully in the noise, 
landed normally, and were difficult to 
capture with a net. 

In each of the 1- to 2-msec pulses of 
sound used by these bats, the frequency 
drops from 40 to 25 kcy/sec—that is, by 
about 125 cy/sec from one wave to the 
next. Sound spectrographs showed that 
throughout each pulse the energy was 
spread over a band width of at least 5 
kcy/sec, or 37 db above 1 cy. A listen- 
ing system tuned to a single pass band 
narrower than this would simply exclude 
part of the signal. Spectrographs of 
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pulses emitted in the noise showed that, 
at 8 cm from the bat’s mouth, the spec- 
trum level of the outgoing sound was 
within +10 db of the level of noise in 
the same frequency band. é 
The echo levels included in Fig. 1 
were calculated, by methods described 
elsewhere (1), on the assumption that 
echoes were not heard above the noise 
until the bat was 10 cm from the wires 
and that the emitted signal was at the 
highest level observed in the noise 
(about 80 db) rather than at the aver- 
age level (65 db) observed in the quiet. 
It is unlikely that these bats had learned 
the position of the wires, because of the 
large number of wires and because, in 
the noise, the smaller-size wires were 
avoided at little better than the chance 


level, although their positions should 
have been no more difficult to remember 
than those of the larger-size wires. If the 
wires were detected by listening not to 
echoes but to variations in the noise field 
itself, interference with sound emission 
should have had less effect in the noise 
than in the quiet. But application of ven- 
tilated paper muzzles similar to those 
used by Dijkgraaf (3) reduced obstacle 
avoidance to the chance level in both 
noise and quiet, with large obstacles and 
small. Only one or a few pulses could 
have been emitted while the Plecotus 
were within 10 cm of the wires, and at 
greater distances echoes would be still 
fainter. The 0.54-mm wire, which was 
dodged quite successfully by all five bats, 
returned echoes of 35 db, or 36 db below 
the noise in a 5-kcy/sec band, while the 
0.35-mm wire, which bat No. 11 dodged 
rather well after being blinded, pro- 
vided echoes 43 db below the level of 
the noise. 
It seems conservative to conclude that 
these bats can hear echoes that are at 
least 35 db below the level of the noise 
and that this ability must involve selec- 
tive recognition of some property of the 
echoes not shared by the random noise. 
The pulsed nature of the echoes might 
be one such property, but thermal noise 
switched on and off with a 50-percent 
duty cycle at rates up to 1000 per second 
was, if anything, less effective in jam- 
ming Plecotus than continuous noise. 
The large ears may render the hearing 
of this species highly directional, but 
wires were often dodged skillfully when 
they were directly (within +10°) in 
line with one of the loud-speakers. The 
frequency sweep within each pulse, or 
the time relations between emission of 
a pulse and arrival of echoes from ob- 
jects at close range, may aid in this im- 
pressive auditory discrimination. In any 
event, a bat brain weighing less than 
1 gram contains highly effective data- 
processing mechanisms which can act 
upon information contained in one or a 
few echoes having no more than 1/2000 
of the noise energy simultaneously pres- 
ent in the same frequency band. 
Donatp R. GriFFIN 
ALAN D, GrINNELL 
Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 
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Effects of Methimazole on 
Thyroid and Live Weights 
of Cattle 


Interest in the potential usage of dif- 
ferent goitrogenic agents, especially thio- 
uracil, in livestock and poultry produc- 
tion is manifest in the large number of 
investigations that have been made dur- 
ing the past 15 years, many of which are 
cited by Sykes et al. (1). Most investi- 
gators have studied the use of thiouracil 
in reducing basal metabolic rate in ani- 
mals for purposes of either stimulating 
fattening in meat-producing animals or 
bringing about a more efficient over-all 
usage of the respective rations fed. Al- 
though some success has been achieved 
with thiouracil in reducing metabolic 
rate in animals (2), nevertheless other, 
unfavorable features have been noted in 
connection with its administration, such 
as its unpalatability and its tendency to 
slow rates of growth; hence, no general 
use of goitrogens in animal feeding has 
thus far been made. The objectives of 
the investigation described in this report 
were to determine the amount of a 
potent synthetic goitrogen, methimazole 

(1-methyl-2-mercaptoimidazole, or Tap- 


azole) (3) necessary to bring about en- 
largement of the thyroid in cattle and 
to observe the influences of methimazole 
upon appetite, live-weight gains, and effi- 
ciency of feed utilization when it was fed 
to growing and fattening beef animals. 

Thirty steers, weighing about 975 
pounds each, were divided into six 
groups and full-fed a mixture of corn, 
hay, and protein supplement containing 
stilbestrol, a growth-promoting substance 
for beef cattle reported earlier (4). The 
rations were alike except for the amounts 
of methimazole added to the respective 
rations. Groups la and 1b received no 
methimazole, whereas groups 2, 3, 4, and 
5 received rations that contained methi- 
mazole in the following percentages: 
0.0017, 0.0035, 0.0052, and 0.0070, re- 
spectively. These levels corresponded to 
200, 400, 600, and 800 mg per animal 
per day. The feeding experiment was 
carried out during the late fall and early 
winter season, during which the tem- 
perature was below freezing much of the 
time. 

The results are presented in Table 1. 
Thyroid weights were rather variable 
within groups, but on the average they 
increased with each level of methimazole 
fed, the highest level producing thyroids 
approximately four times the size of 
those in the control cattle. The increased 
weights of the thyroids of the cattle in 
this study suggest that the levels of methi- 
mazole fed were sufficiently high to in- 
hibit thyroxin secretion. The improve- 
ment noted in over-all feed utilization 
might be explained on the basis of a low- 


Table 1. Results of adding methimazole to the ration of cattle in a 79-day experiment. 





Methimazole added 








= Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 
None 0.0017% 0.0035 % 0.0052% 0.0070% 

Av. initial wt. of 

cattle (lb) 976 977 981 976 985 
Av. final wt. of 

cattle (lb) 1209 1245 1226 1258 1222 
Av. daily gain 

(Ib) $.020.1* 3.4+0.2 SES 3.6+0.1 3.1+0.2 

Av. daily ration 

Cracked corn 

(Ib) Lid 19.1 18.1 19.0 18.0 
Alfalfa hay (1b) 6.0 6.0 6.0 6.0 6.0 
Supplement (Ib) 1.0 1.0 1.0 1.0 1.0 
Total (Ib) 24.7 26.1 25.1 26.0 25.0 
Feed/100-Ib 

gain (Ib) 837 770 804 726 831 
Dressing 

percentage 59.8 58.1 59.5 59.5 60.0 

Federal carcass grade 

Choice + 3 2 1 2 
Good 6 2 3 4 3 
Av. wt. of cattle 

thyroid (g) 29+3 bgp 65+ 10 70+8 123+ 18 





* Standard error of mean. 
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ered thyroxin secretion and thus a low- 
ered metabolic rate, whereby a higher 
percentage of the ration was converted 
into cattle live-weight gains. Live-weight 
gains were excellent in the cattle receiv- 
ing methimazole, and in all cases these 
gains exceeded the gains made by the 
control animals. The maximum stimula- 
tion in gain by lots was 22 percent, and 
the average stimulation amounted to 11 
percent. No depression in appetite ac- 
companied the feeding of methimazole; 
rather, the cattle receiving the goitrogen 
consumed an average of 3 percent more 
feed than the control cattle. Over-all 
feed utilization was increased by the 
methimazole as much as 13 percent, with 
an average increase of 7 percent. The 
quality of meat produced by the inclu- 
sion of methimazole in the ration was in- 
distinguishable from the quality of meat 
of the control cattle on the basis of fed- 
eral grades and dressing percentages. 

It was interesting to note that methi- 
mazole did not depress appetite, whereas 
thiouracil usually inhibits appetite and 
results in lowered rates of growth in al- 
most all species of animals. This appar- 
ent discrepancy in the action of these 
two goitrogens is believed to be due to 
the unpalatableness of the thiouracil or 
to its greater toxicity at equivalent dosage 
levels. In earlier cattle experiments in 
this laboratory (5) it was impossible to 
feed sufficiently high levels of thiouracil 
to depress thyroid activity appreciably 
without at the same time decreasing feed 
consumption and rate of live-weight gain. 

Wise BurroucHs 
ARTHUR RAUN 
EpMuNpD CHENG 
Iowa Agricultural Experiment 
Station, Ames 
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Electron Microscopy of the 
Anaplasma Body: Ultrathin 
Sections of Bovine Erythrocytes 


Anaplasmosis is an infectious disease 
of cattle. However, it has been recog- 
nized in another species (ovine) on one 
occasion in the United States (1). The 
acute or peracute form of the disease is 
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seen in adult cattle and frequently ter- 
minates fatally. Symptoms of the disease 
are elevated body temperature, anemia, 
anorexia, atony of the rumen, acceler- 
ated respiration and pulse, pale mucous 
membranes, constipation, depression, 
icterus, and weakness, and abortions 
often occur in advanced pregnancies. 
During the febrile period as many as 77 
percent of the circulating erythrocytes 
contain bodies referred to as anaplasma 
bodies. Young calves develop a mild 
form of anaplasmosis; however, a sple- 
nectomized calf will develop acute or 
peracute anaplasmosis. Cattle which 
have recovered from anaplasmosis are 
immune to the disease but are perma- 
nent carriers. Minute amounts of blood 
from such cattle will reproduce anaplas- 
mosis when injected into a susceptible 
bovine. 

The etiology of the disease has not 
been established, but it is generally as- 
sumed that the anaplasma body is the 
etiologic agent of anaplasmosis. This 
body is generally considered to be a pro- 
tozoan and is designated Anaplasma 
marginale (2), The anaplasma bodies are 
characteristically located at the periph- 
ery of the erythrocyte (Fig. 1 top left) 
and vary in size from 0.2 to 0.9 p, the 
larger ones being composed of eight 
spherical “sporoid” bodies of equal size 
(3). They are said to be devoid of cyto- 
plasm (4). The suggestion has been 
made that the anaplasma body is con- 
stituted of tightly packed submicroscopic 
elementary bodies and that the parasite 
undergoes multiple division instead of 
binary fission (5). A previous study by 
one of us (L.E.F.) demonstrated an 
ultrafiltrate of blood to be infective, 
thereby suggesting that the anaplasma 
body is a viral inclusion (6). The results 
of this investigation are presented to de- 





anaplasma body in erythrocyte; (bottom left) anaplasma bodies in erythrocyte; (bottom 
right) anaplasma body in erythrocyte. 
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fine better the nature of the anaplasma 
body. 
Whole blood was drawn into a dry 
10-ml syringe from the external jugular 
vein of a splenectomized calf affected 
with anaplasmosis. Seventy-seven per- 
cent of the erythrocytes contained 
anaplasma bodies. The blood was trans- 
ferred immediately into a fixative com- 
posed of 1-percent osmic acid in a 
Veronal-acetate buffer, buffered to pH 
7.4 (7) and maintained at 5°C. The 
fixation times used were 5, 10, 15, 20, 
and 30 minutes. Following fixation, the 
fixative was decanted from the cells and 
the cells were washed with distilled 
water and dehydrated with increasing 
concentrations of methyl alcohol. The 
cells were then embedded in a 1:3 mix- 
ture of methyl and butyl methacrylate. 
Sections of the embedded cells were cut 
on a Porter-Blum ultramicrotome at a 
thickness of 1/20 to 1/40 micron by 
means of a glass knife. The sections were 
mounted on copper grids with a Form- 
var film and viewed in an RCA EMU 
3 electron microscope. Fixation for 20 
minutes was found te be optimal. 
With the electron microscope the ana- 
plasma body is seen as a clear space at 
the margin of the erythrocyte, contain- 
ing from one to seven masses of dense 
particulate matter (Fig. 1 top right and 
bottom left). The masses comprising the 
anaplasma bodies measure from 0.2 to 
0.7 w in diameter. The larger masses are 
seen in bodies containing single masses, 
while smaller ones are seen in bodies 
containing mutliple masses. The dense 
particulate matter typically consists of a 
central mass and a peripheral ring sepa- 
rated by a clear zone in which are seen 
a variable number of strands connecting 
the central mass and peripheral ring. 
Figure 1, bottom right, at greater mag- 


nification, demonstrates the particulate 
composition of the anaplasma body. The 
size of the particles is approximately 100 
A. None of the organelles of a cell have 
been seen in the bodies—such as nucleus, 
mitochondria, and endoplasmic reticu- 
lum. - ; 

These observations (8) support the 
idea that the etiologic agent of anaplas- 
mosis is a virus. 

Lon E. Foote 
Department of Veterinary Science, 
Louisiana State University, Baton Rouge 

Jack C. GEER 

Yvonne E, Sticu 

Department of Pathology, School of 
Medicine, Louisiana State University, 
New Orleans 
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Spray Mechanism of the 
Cockroach Diploptera punctata 


The cockroach Diploptera punctata 
(Eschscholtz) has a remarkable pair of 
glands, the secretion of which contains a 
mixture of p-benzoquinone and two of 
its derivatives (1). Each gland consists 
of a cluster of secretory cells surround- 
ing a dilation of the trachea leading to 
the second abdominal spiracle. The se- 
cretion is stored within the tracheal dila- 
tions and is ejected through the second 
abdominal spiracles when the roaches 
are agitated, anesthetized, or otherwise 
disturbed (1). 

The very fact that disturbance elicits 
ejection suggests that this secretory ap- 
paratus is defensive in function, This 
contention was confirmed by a recent 
series of experiments (2), the main re- 
sults of which are presented below. 

The secretion of Diploptera, like that 
of other arthropods that also secrete qui- 
nones, imparts an intense bluish-black 
coloration to acidulated KI-starch paper 
(1, 3). This indicator paper affords a 
convenient means of recording the di- 
rection, range, and degree of dispersion 
of the secretory discharge. Individual 
roaches, fastened to fixed rods and ad- 
justed so that they assumed normal 
stances on sheets of indicator paper, 
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were subjected to traumatic stimuli as 
follows: individual appendages were 
gently pinched with fine forceps or parts 
of the body were poked with a hot 
needle. Except for newly molted indi- 
viduals, all adults and nymphs responded 
instantly to such stimuli by ejecting a 
discharge. The inability of newly molted 
individuals to discharge is undoubtedly 
due to the fact that at each molt the 
cuticular wall of the tracheal reservoirs 
and the quinones within are shed along 
with the other tracheal linings (1). The 
reservoirs were found to be replenished 
8 to 24 hours after molting and the 
roaches were again able to discharge 
noticeably. 

As evidenced by the pattern on the 
indicator paper (Figs. 1 and 2), the se- 
cretion is ejected in the form of a fine, 
broadly dispersed spray. Interestingly, 
both glands rarely discharged simulta- 
neously. Usually, only the gland corre- 
sponding to the side of the body sub- 
jected to stimulation discharged at any 
one time (Figs. 1 and 2). A synchronous 
discharge of both glands occurred only 
when an appendage was persistently 
pulled, when appendages of opposite 
sides were pinched simultaneously, or 
when a persistent thermal stimulus was 
applied over a broad surface, as with a 
spatula. The number of consecutive dis- 
charges that could be produced by any 
one roach varied considerably. In gen- 
eral, up to four discharges could be 
elicited readily from each gland of large 
nymphs and adults, provided the roaches 
had not been disturbed for 2 or 3 days 
prior to stimulation. 

In another series of experiments, 
aimed at evaluating the repugnatorial 
effectiveness of the spray, series of 
roaches were subjected to direct attacks 
of predators. The predators consisted of 
carabid beetles (Galerita janus Fabr.), 
praying mantids [Hierodula patellifera 
(Serville) ], lycosid spiders (Lycosa hel- 
luo Walckenaer), and ants [ Pogono- 
myrmex badius (Latr.)]. The mantids, 
spiders, and carabids were released in- 
dividually into test arenas made of large 
finger bowls or beakers lined with indi- 
cator paper, in each of which they had 
access to a single Diploptera. The ex- 
periments with Pogonomyrmex were per- 
formed directly in front of the nest 
opening of a thriving laboratory colony 
of this ant, with the roaches affixed to 
rods and placed on sheets of indicator 
paper. All predators attacked readily, 
and in each case the roaches responded 
instantly by ejecting the spray. The dis- 
charge was usually unilateral, toward 
the particular appendage or quarter of 
the body seized by the predator. 

The ants and carabids were in all 
cases repelled promptly by the secretion 
and retreated before they had inflicted 
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Fig. 1. Spray pattern (on KI-starch indicator paper) of discharge of the right gland of 
roach, following pinching of the right mesothoracic leg. Fig. 2. Same roach as shown in 
Fig. 1 after a second discharge but from the left gland, following pinching of the left 
mesothoracic leg. Fig. 3. Roach on left has had its glands excised and is under persistent 
attack by several ants (Pogonomyrmex badius). The intact roach on right was attacked, 


but it sprayed and repelled its assailants. 


noticeable injury. Conspicuous in the 
course of their escape was a series of ab- 
normal seizures, during which leg move- 
ment became discoordinated and inef- 
fectual, hampering and sometimes halt- 
ing locomotion. These seizures, alto- 
gether, rarely lasted more than 2 min- 
utes, and recovery was always complete. 
The spiders were also repelled, but only 
by the larger nymphs and adults; young 
nymphs were usually eaten promptly. 
Unlike the carabids and ants, the spi- 
ders never showed noticeable abnormali- 
ties following the impact of the spray. 
In a control study, all of the above-men- 
tioned predators were offered freshly 
molted roaches and others from which 
the glands had been excised; such indi- 
viduals proved vulnerable and were al- 
ways eaten (Fig. 3). 

The praying mantids seemed to be 
completely unaffected by the spray, and 
every roach seized was invariably de- 
voured. I am told by Susan Rilling, of 
Tufts University, that some of her man- 
tids have been fed routinely with Diplop- 
tera for several days at a time, without 
apparent ill effects. 

No extensive experiments with verte- 
brate predators have been made as yet. 
Some mice (Mus musculus L.), birds 
[Cyanocitta cristata (L.)], and lizards 
(Anolis carolinensis Voigt) were found 
to eat individuals of Diploptera when 
these were offered to them for the first 
time. However, before repugnatorial, ef- 


fectiveness of the secretion against verte- 
brates can be ruled out, it will be neces- 
sary to determine whether repeated en- 
counters with this roach might not result 
in discrimination against it. 

Quinone secretions are known to oc- 
cur in a wide variety of other arthro- 
pods, including tenebrionid and carabid 
beetles, millipedes, and phalangids (1, 
3). Experimental and behavioral studies 
on many of these are currently being 
done at our laboratory, and some of this 
work has already been reported else- 
where (4). 

T. EIsNeR 
Department of Biology, 
Cornell University, Ithaca, New York 
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Association Affairs 


Hotel Headquarters and Housing, 
AAAS Washington Meeting 


All the complex arrangements for the 
seventh Washington meeting of the 
American Association for the Advance- 
ment of Science, 26-31, Dec. 1958, are 
progressing well and on schedule. 

The preliminary announcement of this 
125th meeting [Science 127, 1246 (23 
May 1958)] was principally an outline 
of the 300 or more sessions planned by 
the 18 AAAS sections and some 91 par- 
ticipating organizations. Additional pro- 
gram details have since come in. In a 
number of instances, symposia have been 
expanded to three or four sessions, speak- 
ers of national prominence have ac- 
cepted, and program chairmen have 
raised their original estimates of ex- 
pected attendance. Thus, it is increas- 
ingly evident that the seventh Washing- 
ton meeting will be well attended, well 
balanced in its coverage of the principal 
fields of science, including astronautics 
and space medicine, and memorable. 
Also it will be a pleasant and relatively 
convenient meeting. 

AAAS headquarters and center of the 
meeting will be the attractive and well- 
appointed Sheraton-Park Hotel at the 
intersection of Woodley Road and Con- 
necticut Avenue. Here will be located the 
AAAS Main Registration—Information 
Center, the Visible Directory of Regis- 
trants, the AAAS Office, the AAAS 
Pressroom, the AAAS Science Theatre, 
and the large-scale exhibits of the An- 
nual Exposition of Science and Industry. 

The Sheraton-Park’s Sheraton Hall 
comfortably accommodates 3000 per- 
sons, yet all can see and hear well be- 
cause there are no pillars and the acous- 
tics and public-address system are good. 
This large ballroom, which is situated 
directly over the Exhibit Hall, will be 
the site of the AAAS general symposium, 
Moving Frontiers of Science III; the 
AAAS presidential address (by Laurence 
H. Snyder) and reception; all of the 
larger sessions each morning and after- 
noon; the evening addresses of the 
United Chapters of Phi Beta Kappa, 
Society of the Sigma Xi, and the Na- 
tional Geographic Society; and the 
AAAS Smoker for all registrants. This 
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or other rooms in the Sheraton-Park will 
be used for the IGY sessions, the RESA 
address, the AAAS business sessions, and 
other events of general interest. A num- 
ber of the sectional programs, such as 
those in chemistry, botany, zoology, med- 
ical sciences, and geology, in part, will 
be held in this hotel. 

The Shoreham Hotel at the intersec- 
tion of Calvert Street and Connecticut 
Avenue, and therefore adjacent to the 
rear of the Sheraton-Park, will be almost 
as convenient as the Sheraton-Park for 
the Visible Directory, Science Theatre, 
and exhibits. For that reason, many sec- 
tions and societies have been assigned 
this hotel as headquarters. Fortunately, 
by itself, the Shoreham is large enough 
to house a fair-sized convention. Meet- 
ing the preferences of the societies 
named, the Shoreham will serve as 
headquarters for the American Society 
of Zoologists, the Society of Systematic 
Zoology, other biological groups, and the 
four science-teaching societies. Guests of 
the Shoreham, when they attend the gen- 
eral events or visit the exhibits at the 


Sheraton-Park, need only cross Calvert | 


Street and use the latter hotel’s rear or 
garage entrances. 

The Dupont Plaza Hotel, at Dupont 
Circle where Connecticut and Massa- 
chusetts Avenues intersect, is a short bus 
ride downtown from the Sheraton-Park. 
It is within easy walking distance of the 
Mayflower Hotel, which the American 
Historical Society will use as its head- 
quarters, and thus is particularly con- 
venient for the History of Science So- 
ciety, which expressed a preference for 
the Dupont as its headquarters. 

The Statler and Sheraton-Carlton ho- 
tels, both at 16th and K Streets, are 
about a mile from the Sheraton-Park; 
the Washington and Willard hotels, be- 
tween 15th and 14th Streets on Pennsyl- 
vania Avenue, are several additional 
blocks downtown. These last two hotels 
are relatively near the Smithsonian In- 
stitution. Taxis will be found most con- 
venient for reaching the Sheraton-Park 
from them. (Few, if any, cities in the 
United States have more taxis per capita 
or more moderate rates). Very probably, 
also, AAAS chartered buses will be used 
to operate a continuous shuttle service 


between the downtown hotels and the 
Sheraton-Park. The meeting is as com- 
pact as possible, with a large majority of 
sessions at the Sheraton-Park and Shore- 
ham. To provide adequate and comfort- 
able meeting rooms for the remaining 
sessions, it was necessary to engage ad- 
ditional hotels. 

Still other hotels will be used for 
auxiliary housing. These are the Roose- 
velt, Sheraton-Carlton, and Windsor 
Park. A list of the headquarters hotels 
for each section and participating organi- 
zation—together with their street ad- 
dresses—is appended, since it is an ob- 
vious convenience for each person 
attending the meeting to have this in- 
formation before he applies for room 
reservations. 


Housing 


Beginning with this issue, the advertis- 
ing pages of Science will carry, at fre- 
quent intervals, announcements of hotel 
sleeping accommodations and their rate 
schedules, together with a coupon which 
should be filled out and sent, not to any 
hotel directly, but to the AAAS Hous- 
ing Bureau in Washington, D.C. 

All applications for hotel rooms will 
be filled in the order of their receipt. 
Those who apply early are assured of the 
hotel of their first choice if the stated 
desired and maximum rates are within 
the limits of the printed rate schedules, 
In Washington, which is accustomed to 
accommodating conventions and many 
visitors most of the year, there is an ade- 
quate supply of hotel rooms at a wide 
range of rates. Several hotels have been 
able to quote special flat rates for their 
accommodations—a real advantage when 
rooms do not vary much in size and ap- 
pointments. In other instances, it is sug- 
gested that the maximum rate, which 
you do not wish to exceed, and your 
desired rate both be stated on your cou- 
pon. Room expenses usually can be re- 
duced substantially if rooms are shared 
by two persons or if suites are shared by 
three or more persons. Also, upon re- 
quest, most hotels will place comfort- 
able rollaway beds in rooms or suites at 
$2.00 or $2.50 per night. 


Registration 


Both the technical, or program, ses- 
sions and the special sessions are open to 
all interested persons. Although regis- 
tration for these is not mandatory, it is 
expected that all who attend will wish 
to pay the AAAS registration fee of $3 
and thus contribute a proportionate 
share of the heavy expenses of the meet- 
ing. (The registration fee for the spouse 
of a registrant, if a second Program Di- 
rectory is not required, is $1.00.) 

Each registrant receives the book-size 
General Program-Directory (a valuable 
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reference on all AAAS activities), con- 
vention literature, listing in the Visible 
Directory of Registrants, and a Conven- 
tion Badge, which insures all privileges 
of the meeting. The badge is required for 
admission to the large-scale exhibits, the 
AAAS Science Theatre, the presidential 
address and reception, and the AAAS 
Smoker; refreshments are served at the 
last two events. 

Advance registration has some decided 
advantages: delay at the registration 
desks upon arrival is eliminated; the 
General Program-Directory, which is 
sent out by first-class mail early in De- 
cember, enables one, at leisure, to deter- 
mine which events and sessions he par- 
ticularly does not wish to overlook; and 
one’s name is posted in‘the Visible Di- 
rectory of Registrants as the meeting 
opens. (The hotel room can be added 
later, by the registrant himself, if he 
wishes. ) 

An announcement on advance regis- 
tration and a coupon for it will also be 
found in the advertising pages of this 
issue and at intervals hereafter. 


Hotels 


Note: Societies are grouped in the 
same sequence of disciplines as the let- 
ters of the AAAS sections. 

Sheraton-Park (800 rooms), 2660 
Woodley Road, N.W.: AAAS; Press; 
AAAS Committee on the Social As- 
pects of Science; AAAS Sections C— 
Chemistry, G—Botanical Sciences, H—An- 
thropology, N—Medical Sciences; Alpha 
Chi Sigma, American Association of 
Clinical Chemists; National Geographic 
Society; American Society of Plant Phys- 
iologists, American Society of Plant Tax- 
onomists, Botanical Society of America; 
American Society of Photogrammetry, 
Instrument Society of America; Alpha 
Epsilon Delta, American Association of 
Hospital Consultants, American College 
of Cardiology, American Physiological 
Society, American Psychiatric Associa- 
tion; Society for Industrial Microbiol- 
ogy, Washington Section; American Geo- 
physical Union, International Geophys- 
ical Year, National Academy of Sci- 
ences, National Association of Science 
Writers, National Science Foundation, 
Scientific Research Society of America, 
Society of the Sigma Xi, United Chap- 
ters of Phi Beta Kappa, Washington 
Academy of Sciences. 

Shoreham (600 Rooms), 2500 Cal- 
vert Street, N.W.: AAAS Cooperative 
Committee on the Teaching of Science 
and Mathematics; AAAS Sections F- 
Zoological Sciences, K-Social and Eco- 
nomic Sciences, Nd-Dentistry, Np- 
Pharmacy, Q—Education; American So- 
ciety of Ichthyologists and Herpetolo- 
gists, American Society of Mammalo- 
gists, American Society of Zoologists, 
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Entomological Society of America, 
Systematic Section, Society of Sys- 
tematic Zoology; American Society of 
Naturalists, Association of Southeast- 
ern Biologists, Beta Beta Beta Biological 
Society, Biometric Society, ENAR, Eco- 
logical Society of America, Society for 
the Study of Evolution, Society of Gen- 
eral Physiologists; American Economic 
Association, American Political Science 
Association, American Society of Crim- 
inology, American Sociological Society, 
American Statistical Association, Asso- 
ciation for the Psychiatric Treatment of 
Offenders, Character Underwriters, Inc., 
Institute for Research on Crime and 
Delinquency, Metric Association, Na- 
tional Academy of Economics and Politi- 
cal Science, New York Institute of Pub- 
lic Service Training, New York Institute 
of Criminology, Pi Gamma Mu; Amer- 
ican College of Dentists, American Den- 
tal Association, International Association 
for Dental Research; American Asso- 
ciation of Colleges of Pharmacy, Amer- 
ican College of Apothecaries, American 
Pharmaceutical Association, Scientific 
Section, American Society of Hospital 
Pharmacists, National Association of 
Boards of Pharmacy; American Educa- 
tional Research Association, Interna- 
tional Council for Exceptional Children, 
National Association of Biology Teach- 
ers; National Association for Research in 
Science Teaching, National Science 
Teachers Association; Academy Confer- 
ence, Conference on Scientific Man- 
power, Scientific Manpower Commis- 
sion, Sigma Delta Epsilon, American 
Nature Study Society. 

Statler (850 rooms), 16th and K 
Streets, N.W.: AAAS Sections A—Math- 
ematics, B—Physics, D-Astronomy, M-— 
Engineering, P-Industrial Science; As- 
sociation for Computing Machinery; 
American Association of Physics Teach- 
ers, Chesapeake Section, American As- 
tronautical Society, American Meteoro- 
logical Society; Astronomical League; 
Society for General Systems Research; 
Engineering Manpower Commission; 
Operations Research Society of Amer- 
ica; National Science Foundation. 

Washington (375 rooms), 15th Street 
and Pennsylvania Avenue, N.W.: AAAS 
Section E-Geology and Geography; As- 
sociation of American Geographers, 
Middle Atlantic Division, Geological 
Society of America, National Speleologi- 
cal Society. 

Willard (450 rooms), 14th Street and 
Pennsylvania Avenue, N.W.: AAAS Sec- 
tions I—Psychology and O-Agriculture; 
American Society of Agricultural Engi- 
neers, American Society of Civil Engi- 
neers; American Society of Agronomy, 
American Society for Horticultural Sci- 
ence, Gamma Sigma Delta, Society of 
American Foresters, Soil Conservation 


Society of America; American Associa- 
tion of Scientific Workers, Conference 
on Scientific Communication Problems. 

Dupont Plaza (350 rooms), Dupont 
Circle, N.W.: AAAS Section L—History 
and Philosophy of Science; History of 
Science Society, Philosophy of Science 
Association. 

Roosevelt (300 rooms), 2101 16th 
Street, N.W. 

Sheraton-Carlton (250 rooms), 16th 
and K Streets, N.W. 

Windsor Park (150 rooms), 2300 Con- 
necticut Avenue, N.W. 


Forthcoming Events 


August 


17. American College of Hospital Ad- 
ministrators, 24th annual, Chicago, IIl. 
(ACHA, 620 N. Michigan Ave., Chicago. ) 

17-21. Health Conf., 7th annual, Uni- 
versity Park, Pa. (M. Cashman, Pennsyl- 
vania Dept. of Health, P.O. Box 90, Har- 
risburg. ) 

18-19. American Astronautical Soc., 
Western meeting, Palo Alto, Calif. (N. V. 
Petersen, Lockheed Missile Systems Div., 
Palo Alto.) 

18-20. National Council of Teachers of 
Mathematics, Greeley, Colo. (M. H. Ahr- 
endt, 1201 16 St., NW, Washington 6.) 

18-21. Conservation Education Assoc., 
5th annual, Salt Lake City, Utah. (S. D. 
Mulaik, Biology Dept., University of 
Utah, Salt Lake City.) 

18-21. Heat Transfer, AIChE conf., 
Evanston, Ill. (F. J. Van Antwerpen, 
AIChE, 25 W. 45 St., New York 36.) 

18-22. Clinical Chemistry Workshop, 
Houston, Tex. (Division of Clinical 
Chemistry, Dept. of Biochemistry, Baylor 
Univ., College of Medicine, Houston. ) 

18-22. Occupational Medicine and 
Toxicology, 2nd Inter-American conf., 
Miami, Fla. (W. B. Deichmann, Dept. of 
Pharmacology, Univ. of Miami School of 
Medicine, Coral Gables, Fla.) 

18-22. Plant Science Seminar, 35th an- 
nual, Big Rapids, Mich. (E. P. Claus, Div. 
of Pharmacy, Ferris Inst., Big Rapids.) 

18-22. Semiconductors, intern. conf., 
IUPAP, Rochester, N.Y. (D. L. Dexter, 
Dept. of Physics, Univ. of Rochester, 
Rochester. ) 

18-23. New England Assoc. of Chem- 
istry Teachers, 20th summer, Kingston, 
R.I. (J. A. Martus, College of the Holy 
Cross, Worcester 10, Mass.) 

18-25. Religion in the Age of Science, 
5th summer conf., Star Island, N.H. 
(Institute on Religion in an Age of Sci- 
ence, 280 Newton St., Brookline 46, 
Mass. ) 

20-23. Photofluorography, intern. cong., 
Stockholm, Sweden. (International Cong. 
of Photofluorography, P.O. Box 5097, 
Stockholm 5.) 

20-27. Australian and New Zealand 
Assoc. for the Advancement of Science, 
33rd cong., Adelaide, Australia. (J. R. A. 
McMillan, Science House, 157-161 Glou- 
cester St., Sydney.) 
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20-27. Genetics, 10th intern. cong., 
Montreal, Canada. (J. W. Boyes, Dept. 
of Genetics, McGill Univ., Montreal.) 

21-23. American Farm Economic As- 
soc., Winnipeg, Canada. (L. S. Hardin, 
Dept. of Agricultural Economics, Purdue 
Univ., Lafayette, Ind.) 

21-23. Chemical Organization of Cells, 
Normal and Abnormal, Madison, Wis. (J. 
F. A. McManus, Dept. of Pathology, 
Univ. of Alabama Medical Center, Bir- 
mingham. ) 

21-24. Cenozoic of Western Montana, 
field conf., Missoula, Mont. (A. E. Wood, 
Soc. of Vertebrate Paleontology, Dept. 
of Biology, Amherst College, Amherst, 
Mass. ) 

23-25. Rural Sociology Soc., annual, 


Pullman, Wash. (H. F. Lionberger, Dept. 
of Rural Sociology, Univ. of Missouri, 
Columbia. ) 

24-28. American Inst. of Biological 
Sciences, annual, Bloomington, Ind. (H. 
T. Cox, AIBS, 2000 P St., NW, Wash- 
ington 6.) 





The following 25 meetings are being 
held in conjunction with the AIBS meet- 
ings at Bloomington, Ind. 

American Bryological Soc., annual. 
(Mrs. V. S. Bryan, Botany Dept., Duke 
Univ., Durham, N.C.) 

American Fern Soc., annual. (Miss M. 
E. Faust, 501 University Pl., Syracuse 10, 
N.Y.) 


American Microscopical Soc., annual. 





4 





e HYDROGEN 
e CARBON 


MODELS ARE 
MADE OF CATA- 
LIN AND CONSIST BASICALLY 
OF DISTINCTIVELY COLORED 
SPHERES, COMPRISING ELEVEN 
ELEMENTS IN THEIR VARIOUS 
VALENCES 





Each element is colored in agreement 
with the recommendations of the 
British Institute of Physics, and all 
are designed to give appropriate rep- 
resentations to the three basic di- 
mensions of the atom: 

Bond Length 
Bond Angle . Spherical Diameter 


which are difficult to handle. 


.85 each. 
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NOW! Construct Accurate, 
3-Dimensional Representations 
@ of Molecular Structures! 


e FLUORINE 
e PHOSPHORUS ¢ OXYGEN 





CATALIN MOLECULAR MODELS are accurately dimensioned after the Stuart 
pattern and based on developments conducted by the British Chemical Research 
Laboratories. They give the truest possible reproduction of the stereochemical pic- 
ture and provide the most convenient means of demonstrating the phenomena. 


The selected scale: 1 cm, to 1 A or (108 :1) represents a _reason- 
able compromise between cumbrous larger models and smaller ones 


The atoms are accurately machined from durable Catalin cast 
phenolic resin. When it is desirable to assemble molecules, the 
usual structural formula should be used as the blueprint for 
selecting the required atoms in the appropriate valency state and 
for the more convenient order of assembly. 

Each model set is supplied complete with: 250 atomic models of 
eleven elements, rubber pegs for joining atoms to form molecules, 
pliers for extracting pegs, and an engineering drawing showing 
dimensions and facial angles of each atom in lined and partitioned 
cabinet. Separate atoms of all elements are also available at 


Cat. No. $-76819 MOLECULAR MODEL SET—Complete ...... 


\ STANDARD SCIENTIFIC 


zy Supply Corp. NEW eae eee : | 


e IODINE e¢ SULPHUR 
e SILICON ¢ NITROGEN 
e CHLORINE 


e BROMINE 









$210.00 


tasoratory # 
apparatus §f 
808 BROADWAY REAGENTS 


CHEMICALS 








(D. G. Frey, Dept. of Zoology, Indiana 
Univ., Bloomington. ) 

American Phytopathological Soc., 50th 
anniversary. (W. B. Hewitt, Dept. of 
Plant Pathology, Univ. of California, 
Davis. ) 

American Soc. for Horticultural Sci- 
ence, annual. (R. E. Marshall, Dept. of 
Horticulture, Michigan State Univ., East 
Lansing. ) 

American Soc. of Ichthyologists and 
Herpetologists, annual. (R. Conant, Phila- 
delphia Zoological Garden, 34th and Gi- 
rard Ave., Philadelphia 4, Pa.) 

American Soc. of Limnology and 
Oceanography. (B. H. Ketchum, Woods 
Hole Oceanographic Inst., Woods Hole, 
Mass. ) 

American Soc. of Naturalists. (B. Wal- 
lace, Long Island Biological Assoc., Cold 
Spring Harbor, N.Y.) 

American Soc. of Parasitologists, an- 
nual. (P. E. Thompson, Research Div., 
Parke, Davis & Co., Detroit 32, Mich.) 

American Soc. of Plant Physiologists, 
annual. (G. R. Noggle, Dept. of Botany, 
Univ. of Florida, Gainesville. ) 

American Soc. of Plant Taxonomists. 
(R. F. Thorne, Botany Dept., State Univ. 
of Iowa, Iowa City. ) 

American Soc. of Zoologists. (S. Cro- 
well, Dept. of Zoology, Indiana Univ., 
Bloomington. ) 

Biometric Soc., EN. R. (T. W. Horner, 
General Mills, Inc., 4U0 Second Ave., S., 
Minneapolis 1, Minn.) 

Botanical Soc. of America, annual. (H. 
C. Bold, Dept. of Botany, Univ. of Texas, 
Austin 12.) 

Ecological Soc. of America. (J. E. 
Cantlon, Dept. of Botany and Plant 
Pathology, Michigan State Univ., East 
Lansing. ) 

Mycological Soc. of America, annual. 
(E. S. Beneke, Dept. of Botany and Plant 
Pathology, Michigan State Univ., East 
Lansing. ) 

National Ass¢c. of Biology Teachers. 
(P. Fordyce, Broad Ripple High School, 
Indianapolis, Ind. ) 

Nature Conservancy. (G. B. Fell, 4200 
22 St., NE, Washington 18.) 

Phycological Soc. of America, annual. 
(W. A. Daily, Dept. of Botany, Butler 
Univ., Indianapolis 7, Ind.) 

Potato Assoc. of America, annual. (R. 
V. Akeley, Crops Research Div., USDA, 
Plant Industry Station, Beltsville, Md. ) 

Society for Industrial Microbiology, 
annual. (C. L. Porter, Dept. of Biological 
Sciences, Purdue Univ., West Lafayette, 
Ind.) 

Society of Protozoologists, annual. (N. 
D. Levine, College of Veterinary Medi- 
cine, Univ. of Illinois, Urbana. ) 

Society for the Study of Development 
and Growth. (R. O. Erickson, Dept. of 
Botany, Univ. of Pennsylvania, Philadel- 
phia 4.) 

Society of Systematic Zoology. (R. E. 
Blackwelder, Box 500, Victor, N.Y.) 

Tomato Genetics Cooperative. (E. C. 
Stevenson, Horticulture Dept., Purdue 
Univ., West Lafayette, Ind. ) 





24-29. Atmospheric Diffusion and Air 
Pollution, intern. symp., Oxford, England. 
(F. N. Frenkiel, Applied Physics Lab., 
Johns Hopkins Univ., Silver Spring, Md.) 

24-29. Mental Health, world federation, 
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11th annual, Vienna, Austria. (Miss E. 
M. Thornton, World Federation for Men- 
tal Health, 19 Manchester St., London, 
W.1, England. ) 

24-30. Astronautical Cong., 9th intern., 
Amsterdam, Netherlands. (A. G. Haley, 
International Astronautical Federation, 
1735 DeSales St., Washington. ) 

24-30. Prehistoric and _ Protohistoric 
Science, 5th intern. cong., Hamburg, Ger- 
many. (Biro des Internationalen Kon- 
gresses fiir Vor- und Friihgeschichte, c/o 
Fremdenverkehrs- und Kongresszentrale, 
Hamburg 1, Bieberhaus, Hachmannplatz. ) 

25-28. Institute of Mathematical Sta- 
tistics, annual, Cambridge, Mass. (G. E. 
Nicholson, Jr., Dept. of Statistics, Univ. 
of North Carolina, Chapel Hill. ) 

25-28. Mathematical Assoc. of America, 
39th summer, Cambridge, Mass. (H. M. 
Gehman, Univ. of Buffalo, Buffalo 14, 
N.Y.) 

25-29. Infrared Spectroscopy Inst., an- 
nual, Nashville, Tenn. (J. R. Lawson, 
Fisk Univ., Nashville 8.) 

25-29. Electronic Properties of Metals 
at Low Temperatures, IUPAP collo- 
quium, Geneva, N.Y. (M. D. Fiske, Gen- 
eral Electric Co., P.O. Box 1088, Sche- 
nectady, N.Y.) 

25-30. American Mathematical Soc., 
63rd summer, Cambridge, Mass. (AMS, 
190 Hope St., Providence 6, R.I.) 

27-29. American Sociological Soc., an- 
nual, Seattle, Wash. (Miss M. W. Riley, 
ASS, New York Univ., Washington Sq., 
New York 3.) 

27-29. Diseases in Nature Communi- 
cable to Man, 13th annual intern. North- 
west conf., Hamilton, Montana. (W. L. 
Jellison, National Microbiological Inst., 
Rocky Mountain Laboratory, USPHS, 
Hamilton. ) 

27-3. British Assoc. for the Advance- 
ment of Science, Glasgow, Scotland. 
(BAAS, Burlington House, London, W.1, 
England. ) 

28-2. Biometric Soc., ENAR, Ottawa, 
Ont., Canada. (T. W. Horner, General 
Mills, Inc., 400 Second Ave., S., Minne- 
apolis 1, Minn. ) 

28-3. Combustion Symp., 7th intern., 
London and Oxford, England. (Combus- 
tion Inst., 936A Union Trust Bldg., Pitts- 
burgh 19, Pa.) 

31-6. Housing and Town Planning, 
24th cong., Liége, Belgium. (International 
Federation for Housing and Town Plan- 
ning, Parkhotel, Molenstraat 53, The 
Hague, Netherlands. ) 

31-8. Corpuscular Photography Collo- 
quium, 2nd intern. (by invitation), Mont- 
real, Canada. (P. Demers, Institut de 
Physique, Université de Montreal, P.Q.) 


September 


I-6. Biochemistry, 4th intern. cong., 
Vienna, Austria. (O. Hoffmann-Ostenhof, 
1, Chemisches Institut der Universitat, 
Wahringerstrasse 42, Vienna IX.) 

1-7. Psychotherapy, intern. cong., Bar- 
celona, Spain. (M. de la Cruz, Clinica 
Psiquiatrica Universitaria, Facultad de 
Medicina, Barcelona. ) 

1-9, Analogy Computation, 2nd intern., 
Strasbourg, France. (F. H. Raymond, 138 
Boulevard de Verdun, Courbevoie, Seine, 
France. ) 

1-13. Peaceful Uses of Atomic Energy, 
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MICRO BALANCES 
For high precision. 
Symmetrical beam, 
sapphire bearing. 


ANALYTICAL BALANCES 
Trouble-free, accurate, . 
long-lived. 








SEMI-MICRO BALANCES 


Improved faster models. 


NEW RESEARCH TOOL 





RIGHT-A-WEIGH 
ANALYTICAL BALANCE 
Fast, direct reading, 

automatic. 


AUTOMATIC RECORDING ANALYTICAL 
BALANCE 
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ASSAY BALANCES 


Used all over the world 
for 75 years. 


WEIGHTS 


Class M, S, and S-1. 
(National Bureau of 
Standards New Specifications) 





to get the | 
little things that count in 

analytical balances 

and weights ce 
SPECIFY AINSWORTH 
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W oi. AUINSWOIRTHH & SONS, JING. 
LAWRENCE STREET «+ DENVER 5, COLORADO 
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New RONALD Books 


A Guide to the 


History of Bacteriology 
Thomas H. Grainger, Lehigh University 
This concisely annotated guide to the 
history of bacteriology includes the 
only comprehensive bibliography of the sub- 
ject. Organized alphabetically, bibliographies 
cover: literature and history of bacteriology, 
biographical references in the field. Chronica 


Botanica: An International Biological and 
Agricultural Series. 140 pp. $4.50 





The Experimental Control! 
of Plant Growth 


Frits W. Went, 

California Institute of Technology 
Building and operation of air-condi- 
tioned greenhouses and climatic cham- 
bers. Book includes growing instructions for 
plants used in botanical and agricultural ex- 
periments. Special reference to the Earhart 
Plant Research Laboratory at the California 
Institute of Technology. Chronica Botanica: 
An International Biological and Agricultural 
Series. 91 ills., tables; 373 pp. $8.50 


Pollen and Spore Morphology 
and Plant Taxonomy 


Gunnar Erdtman, Palynological 
Laboratory, Bromma, Stockholm, Sweden 


Volume II of An Introduction to 
Palynology. Uses palysogsams and 
micrographs to show t pollen and spore 
morphology of the Gymnospermae, Pterido- 
phyta, and Bryophyta. Includes original illus- 
trations of equatorial and polar views of 
pollen grains, structural details of the cell 
walls, etc. 27] ills., 151 pp. 


Order your books from: 





THE RONALD PRESS COMPANY 


15 East 26th St., New York 10 














NEW 
SMALL SOURCE 
Ultra-Violet 


pencil type lamp 
3/8” in diameter, 4-6” in length 


8 models, ideal for far'U.V. 
examination of small areas. 


High intensity, suitable for 
collimator use and laboratory 
instrumentation applications. 


Also, complete line of near 
and far ultra-violet lamps 
4-100 watts available in 
various sizes and models. 


For specific information 
please write: dept. S-1 


ULTRA-VIOLET PRODUCTS Inc. 
San Gabriel, California 




















2nd intern. conf., Geneva, Switzerland. 
(L. D. P. King, Atomic Energy Commis- 
sion, Washington 25.) 

2-4. Allergy, 4th European cong., Lon- 
don, England. (British Assoc. of Allergists, 
St. Mary’s Hospital, London, W.2.) 

2-4, Vertebrate Phylogeny Symp., Soc. 
of Vertebrate Paleontology and Soc. for 
the Study of Evolution, Ann Arbor, Mich. 
(J. T. Gregory, Peabody Museum, Yale 
Univ., New Haven, Conn. ) 

2-5. Alaskan Science Conf., 9th, Col- 
lege. (R. L. Rausch, Alaska Div., AAAS, 
Box 960, Anchorage, Alaska. ) 

2-5. American Physiological Soc., 10th 
autumn, London, Ontario, Canada. (APS, 
9650 Wisconsin Ave., Washington 14.) 

2-6. Engineering Societies, Pan Ameri- 
can Federation, 5th, Montreal, Canada. 
(L. A. Wright, Engineering Inst. of Can- 
ada, 2050 Mansfield St., Montreal 2.) 

2-6. Glaucoma, intern. symp., Liége, 
Belgium. (R. Weekers, Clinique Ophtal- 
mologique, Hépital de Baviere, Liége.) 

3-5. Cryogenic Engineering Conf., an- 
nual, Cambridge, Mass. (K. D. Timmer- 
haus, Chemical Engineering Dept., Univ. 
of Colorado, Boulder. ) 

3-6. Blood Transfusion, 7th intern. 
cong., Rome, Italy. (G. Marinone, Clinica 
Medica, Policlinico, Pavia, Italy.) 

3-10. Cybernetics, 2nd intern. cong., 
Namur, Belgium. (Association Interna- 
tionale de Cybernetique, 13, rue Basse- 
Marcelle, Namur.) 

4-5. Air Pollution, 2nd intern, conf., 
New York, N.Y. (American Soc. of Me- 
chanical Engineers, 29 W. 39 St., New 
York 18.) 

4-6. American Political Science Assoc., 
St. Louis, Mo. (E. M. Kirkpatrick, APSA, 
1726 Massachusetts Ave., NW, Washing- 
ton 6.) 

4-6. Calorimetry Conf., 13th annual, 
Lemont and Chicago, Ill. (D. H. An- 
drews, Dept. of Chemistry, Johns Hopkins 
Univ., Baltimore, Md.) 

5-10. Formal Deductive Systems in 
Mathematics and in Natural Science, 
symp., Brussels, Belgium. (International 
Union for the History and Philosophy of 
Science, 4, rue Thenard, Paris 5°, France. ) 

5-13. Tropical Medicine and Malaria, 
6th intern. cong., Lisbon, Portugal. (M. 
R. Pinto, Instituto de Medicina Tropical, 
Lisbon. ) 

6-12. Pharmaceutical Sciences, 18th 
intern. cong., Brussels, Belgium. (J. W. 
Birza, 196 Bilderdijkstraat, Amsterdam 
W, Netherlands. ) 

7-11. Diseases of the Chest, 5th intern. 
cong., Tokyo, Japan. (M. Kornfeld, 
American College of Chest Physicians, 
112 Chestnut St., Chicago 11, Ill.) 

7-12. Laurentian Hormone Conf., 
AAAS, annual, Blaney Park, Mich. (G. 
Pincus, 222 Maple Ave., Shrewsbury, 
Mass. ) 

7-13. Hematology, 7th intern. cong., 
Rome, Italy. (S. Haberman, Baylor Univ. 
Hospital, 3500 Gaston Ave., Dallas, Tex.) 

7-20. Industrial Chemistry, 31st in- 
tern. cong., Liége, Belgium. (Society of 
Industrial Chemistry, 28, rue Saint Domi- 
nique, Paris 7°, France. ) 


8-12. Spectroscopy Colloquium, 7th In-' 


tern., Liége, Belgium. (Association des 
Ingénieurs de l’Université de Liége, 22, 
rue Forgeur, Liége. ) 


8-13. International Council of Aero- 
nautical Sciences, Madrid, Spain. (R. R. 
Dexter, Inst. of Aeronautical Sciences, 2 
E. 64 St., New York 21.) 

8-17. Sociology, 18th intern. cong., 
Niirnberg, Germany. (International Inst. 
of Sociology, Findelgasse 7-9, Niirnberg, 
Germany. ) 

9-11. Engineering Meteorology, 2nd 
natl. conf., Ann Arbor, Mich. (K. C. 
Spengler, American Meteorological Soc., 
3 Joy St., Boston 8, Mass. ) 

11-19. Conservation of Nature and 
Natural Resources, 6th general assembly, 
Athens and Delphi, Greece. (Interna- 
tional Union for Conservation of Nature 
and Natural Resources, 31, rue Vautier, 
Brussels, Belgium. ) 

13-17. Bronchoesophagology, 7th in- 
tern. cong., Kyoto, Japan. (C. L. Jackson, 
3401 N. Broad St., Philadelphia 40, Pa.) 

14-20. Ceramics Cong., 6th intern., 
Wiesbaden, Germany. (Sekretariat des 
VI Internationalen Keramischen Kon- 


gresses, Reuterstrasse 235, Bonn/Rh., 
Germany. ) 
14-21. Cardiology, 3rd world cong:, 


Brussels, Belgium. (F. Van Dooren, 80, 
rue Mercelis, Brussels. ) 

15-19. Instrument-Automation Conf., 
13th annual, Philadelphia, Pa. (H. S. 
Kindler, Instrument Soc. of America, 313 
Sixth Ave., Pittsburgh 22, Pa.) 

15-20. Agriculture, European Confed- 
eration 10th anniversary, Vienna, Austria. 
(European Confederation of Agriculture, 
Pestalozzistrasse 1, Brugg, Argovie, Swit- 
zerland. ) 

15-20. Carboniferous Stratigraphy and 
Geology, 4th intern. cong., Heerlen, Neth- 
erlands. (Secretary, 4th Carboniferous 
Cong., Geological Bureau, Akerstraat 
86-88, Heerlen. ) 

16-20. Nuclear Electronics, intern. 
symp., Paris, France. (Colloque Elec- 
tronique Nucléaire, 10, avenue Pierre- 
Larousse, Malakoff (Seine), France.) 

16-24, Glacier Movement Symp., Cha- 
monix, France. (International Assoc. of 
Scientific Hydrology, 61, rue de Ronces, 
Gentrugge, Belgium. ) 

21-25. Differential Anthropology, 5th 
intern. cong., Amsterdam, Netherlands. 
(R. A. M. Bergman, Royal Tropical Inst., 
Linnaeusstraat 2A, Amsterdam. ) 

21-28. Poultry Science, 11th world 
cong., Mexico, D.C., Mexico. (E. Karpoff, 
Agricultural Marketing Service, USDA, 
Washington 25.) 

22-24. Standards Engineers Soc., 7th 
annual, Philadelphia, Pa. (Standards En- 
gineers Soc., Box 281, Camden 1, N.J.) 

22-25. Scientific Instruments of the 
16th to the 19th Century, symp., Frank- 
furt/Main, Germany. (International 
Union for the History and Philosophy of 
Science, 4, rue Thenard, Paris 5°, France.) 

22-27. High-Speed Photography, 4th 
intern. cong., Cologne, Germany. (Royal 
Photographic Soc., 16 Princes Gate, Lon- 
don, S.W.7, England.) 

23-25. Fat Research, 3rd intern. cong., 
Seville, Spain. (J. M. Martinez, Instituto 
de la Grasa, Avenida de Heliopolis, Se- 
ville. ) 

23-30. Rheology, 3rd intern. cong., Bad 
Oeynhausen, Germany. (R. S. Marvin, 
Rheology Section, Natl. Bureau of Stand- 
ards, Washington 25.) 
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BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 





f 





sLickman FUME HOOD 


Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc., 6907 Gregory Avenue, Wee- 
hawken, N. J: 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol of quality MUGUUimal 
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Letters 


General Semantics 


There is unquestionably a need for 
such a book as Martin Gardner’s Fads 
and Fallacies in the Name of Science [re- 
viewed by John Pfeiffer in Science (126, 
1296 [1957]). But there is always a dan- 
ger that an overzealous debunker will 
throw out the baby with the bath water. 
And while certain “fads and fallacies” 
are obviously so, our debunker, who, 
after all, cannot be an informed special- 
ist in every field of science, might easily 
be guilty of some “fallacies” himself. 
Such seems to be the case with Gardner, 
whose lumping of Alfred Korzybski and 
General Semantics |Nonaristotelian Sys- 
tems and General Semantics] with the 
inanities of Velikovsky, Hubbard, and 
Reich is comparable to lumping the 
latter three with B, F. Skinner or Carl 
Rogers or Julian Huxley. 

The scientific “respectability” of Kor- 
zybski’s General Semantics is no longer 
seriously questioned (except by Gard- 
ner), for as a school of thought in the 
behavioral sciences it has actually gained 
at least as much “respectability” as 
Freud’s psychoanalysis, if not more, and 
has blossomed into a significant Inter- 
national Society for General Semantics. 
Courses in general semantics are cur- 
rently being offered by the University of 
Chicago and other universities of con- 
siderable “respectability,” and the litera- 
ture of general semantics features such 
prominent names as those of S. I. Haya- 
kawa, Wendell Johnson, and Anatol 
Rapaport. Further, the large number of 
psychiatrists, psychologists, and other sci- 
entists who would disagree with Gard- 
ner’s misclassification of general seman- 
tics as a “fad” or “fallacy” would seem 
to indicate that Gardner’s ambitious at- 
tempt to draw a precise line between 
science and pseudoscience is neither 100 
percent trustworthy nor 100 percent suc- 
cessful. Actually, any attempt to set up 
an “infallible authority” to distinguish 
between science and nonsci ~ce is bound 
to fail. Both Rome and Muscow have 
tried this and made themselves look 
rather silly. 

Epp Doerr 
Bogota, Colombia 


I agree with most of Edd Doerr’s 
statements, having made the same points 
in my book. In both the “Introduction” 
and the final chapter, I discuss at some 
length the spectrum of science and 
pseudoscience and the extreme difficulty 
of drawing a precise line between them, 
I approached Count Korzybski’s work by 
specifically pointing out that he was not 
to be classed with most of the men men- 
tioned in the book (I made a similar dis- 
tinction in respect to J. B. Rhine), and 
I emphasized the fact that I was attack- 


ing only the doctrines which were origi- 
nal with the Count. 

Many people do not realize that “se- 
mantics” is an old and highly respected 
branch of meaning analysis and that the 
Count simply drew heavily from this 
tradition and popularized it. College 
courses in semantics, even those taught 
by the Count’s reputed followers, are 
little more today than elementary excur- 
sions into this field. Where Korzybski 
simply passed on a semantic common- 
place, naturally no one disagrees, but in 
respect to those doctrines which are 
peculiar to the Count, one would be 
hard put to find a single philosopher of 
science today who did not agree with the 
acid opinion of Ernest Nagel, quoted in 
my book. 

Martin GARDNER 
Dobbs Ferry, New York 


“Paramecium Controversy” 


A recent addition to what is apparently 
developing into “the Paramecium con- 
troversy” was contributed by Kellogg 
(1), who presents a view of the main 
reason for disagreement between Gelber 
(2) and Jensen (3) that is rather surpris- 
ing. According to Kellogg, Gelber hy- 
pothesizes that learning is characteristic 
of all living tissue, while Jensen restricts 
learning to the higher levels on the phy- 
letic scale. These extreme views are not 
clearly expressed by either Gelber or 
Jensen in the articles cited by Kellogg. 

Kellogg cites other studies of apparent 
learning in paramecia and, in referring 
to one report, states that French (4) 
“gives seemingly unequivocal evidence of 
trial-and-error learning in paramecia.” 
“Unequivocal evidence” is a_ slippery 
quantity and, as Kellogg points out, there 
have been reports of negative findings 
also. Gelber, in an early publication (5), 
referred to many of the articles that Kel- 
logg accuses both her and Jensen of neg- 
lecting to use as evidence. 

In a very recent article Katz and 
Deterline (6) report the results of a 
replication of Gelber’s basic study (5). 
The experimental design included sev- 
eral control groups set up for the purpose 
of testing the conflicting views of Gelber 
and Jensen. Jensen attributes the ob- 
served change in the behavior of para- 
mecia in the Gelber studies to the pres- 
ence of food, apart from any inference 
of learning. Katz and I came to the con- 
clusion that Jensen’s more conservative 
explanation is more credible than Gel- 
ber’s. This does not mean that we deny 
that paramecia have the ability to learn. 
That phenomenon remains a fascinating 
possibility. We do insist that Gelber’s 
technique does not isolate the phenome- 
non in an unequivocal fashion. 

Apparently perception is an even big- 
ger problem in psychology than is usually 
realized. Katz and I observed the be- 
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havior of our paramecia in replications 


of studies reported by Day and Bentley 
(7) and Smith (8) as well as of the 
study by Gelber. The paramecia behaved 
in some cases exactly as described by 
those authors, but our perceptual inter- 
pretations of the behavior we observed 
did not permit us to state that we saw 
paramecia behaving in a manner that 
indicated that a learned modification of 
behavior had occurred. Gelber perceives 
the same changes as evidence of learn- 
ing. Now we find that we do not even 
view the Gelber-Jensen controversy in 
the same way that Kellogg does. Until 
a more satisfactory method is devised, 
the question of whether or not paramecia 
can learn will remain a perceptual one 
and, as such, will not receive a scientific 
answer. 

WituiaM A. DETERLINE 
Department of Psychology, 
Alma College, Alma, Michigan 
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There is little I can say (1) in reply 
to William A. Deterline except that I 
find no cause for basic disagreement 
either with the tone of his letter or with 
the research report of Katz and Deter- 
line (2). 

My only regret is that the meaning 
of my original comments appears not to 
have been quite clear. I tried to point 
out that centuries before there was any 
research whatever on the learning or 
nonlearning of paramecia, philosophers 
had debated the question of whether low 
organisms can learn and “have minds.” 

Today, when we do have research data 
to support our speculations, there still 
seems to exist the same sort of contro- 
versy. For now the experimental results 
are open to twc interpretations: (i) that 
they demonstrate learning in paramecia 
and (ii) that they do not demonstrate 
learning. If expressed in terms of hy- 
potheses, the position taken by Gelber 
(3) is the positive one—namely, that 
paramecia and probably other low or- 
ganisms can learn. The hypothesis which 
appears to describe Jensen’s position (4) 
is that lower organisms move mechani- 
cally and are incapable of learning. 
These two positions are not unrelated to 
the vitalistic-mechanistic controversy, 
with roots far in the past. Thus Descartes 
held that all animals—high as well as 
low—behave like machines and _ that 
man alone possesses higher “mental” 
abilities. 

I seem to have detected in some recent 
reports that have been written on the 
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subject a kind of emotional or anthropo- E : 
centric intolerance which looks with quipment 
scorn upon the possibility of learning in 
lower organisms—as if the very thought The information reported here is obtained 
of it were beneath the level of scientific am manvlgcturers and Jrom other sources con 
thinking. Happily, there is no evidence responsibility for the accuracy of the informa- 
of such a bias in the article by Katz and tion, A coupon for use in making inquiries con- 
Hiskelitne (2). cerning the items listed appears on page 166. 

Those who maintain that learning in 
paramecia or in other Protozoa has not 
been demonstrated should acquaint 
themselves with the literature on the sub- 
ject and should not close the door upon 
such a possibility. Some of this litera- 
ture was cited in my original note (/). 
Those who adopt the more liberal atti- 
tude and hold that the available data do 
demonstrate learning should still realize 
that there is room for a negative position. 
Let not emotional bias for either view 
disturb a fair and intelligent appraisal 
of the evidence. 

We need much more evidence before 
either position can be swept aside. 

W. N. KELiLocc 

Department of Psychology, 
Florida State University, Tallahassee 


@ MOISTURE METER is a portable, transis- 
torized instrument powered by mercury 
batteries. The instrument measures d-c 
resistance of woods to determine mois- 
ture content from 6 to 70 percent in 
three ranges. Normal battery life in the 
instrument is 2 yr; approximately 100,- 
000 tests may be made before replace- 
ment becomes necessary. (Moisture 


Register Co., Dept. 151) 


™ RADIOACTIVE-GAS SURVEY METER is in- 
tended primarily as a tritium detector. It 
consists of an ionization chamber through 
which air is continuously drawn _ by 
means of a blower operated by a self- 
contained storage battery. Ion current is 
indicated on a meter relay which can be 
adjusted to actuate an alarm. Half-scale 
sensitivities are 1, 10, 100, and 1000 uc 
of tritium per liter. Gas-flow rate is 325 
liter/min. The instrument can be oper- 

ated for 12 hr without recharging the 
4 DD Jame, Sad es, th Cs 126, 1341 battery. (Levinthal Electronic Products, 

(1957). Inc., Dept. 161) 
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DATA: Now formed from polypropylene... 
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Friction fit closures have knurling for easy handling. 
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Less Quantity Discounts 


WORLD'S LARGEST 














PRODUCER OF PLASTIC LABORATORY WARE 


158 








™ TORSIONAL-DAMPING TESTER uses free 
oscillations for investigation of torsional 
elasticity and damping effects in plastics, 
rubber, and similar materials. The in- 
strument’s testing chamber can be heated 
or cooled by auxiliary apparatus and can 
be filled with protective gas. Oscillation 
of an inertia disc suspended from the 
specimen is photographed by means of 
a mirror attached to the disc. Inter- 
change of discs permits variation of fre- 
quency from about 0.1 to 20/sec. (Wil- 
liam J. Hacker & Co., Inc., Dept. 156) 


™ TIME-INTERVAL MEASURING INSTRU- 
MENT operates by converting the time 
interval being measured to an electrical 
pulse of proportional height. The pulse 
thus obtained is fed to a 20-channel 
pulse-height analyzer. The channel in 
which the pulse is registered measures 
the original time interval, each channel 
corresponding to a known interval. Inter- 
vals in the nanosecond (10-® sec) range 
are said to be measurable. (Eldorado 
Electronics, Dept. 154) 


™ COLOR-TOLERANCE COMPUTER simplifies 
specifying and classifying color by reduc- 
ing tristimulus values to a single numeri- 
cal value, AE. This value is indicated on 
a dial calibrated in NBS units. The in- 
strument further calculates the type and 
magnitude of color deviation in lightness- 
darkness, redness-greenness and yellow- 
ness-blueness. Color corrections can be 
simulated on the computer to determine 
their effects before actual changes are 
made. (Instrument Development Labo- 
ratories, Inc., Dept. 168) 


™COUNTING-RATE METER features seven 
counting ranges from 200 to 200,000 
counts/min, Time constants of 3, 10, and 
30 sec are provided for short- or long- 
term observation. High-voltage regulated 
power, continuously variable from 550 
to 2000 v, is supplied with the instru- 
ment. Regulation is 0.1 percent for 1 
percent change in line voltage. Provision 
is made for operation of a l-ma or a 
10-mv recorder. (B. J. Electronics, Dept. 
162) 


@REMOTE-HANDLING TOOL is available 
with either a 3- or 4-ft handle assembly. 
Four different jaw attachments permit 
handling of objects ranging in size from 
a 7-in. sphere to a 1/32-in. nut. Four 
mounting plates are provided for storage 
of the jaws. The handle may be remotely 
withdrawn or inserted into the jaw at- 
tachments without manual contact. 
(Atomic Accessories Inc., Dept. 163) 


™ TIME-INTERVAL INDICATOR is applicable 
to measurement of the time interval be- 
tween any two points of a single or 
double pulse. The instrument comprises 
two attenuators and two cathode fol- 
lowers, a step-variable delay line and a 
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A COMPLETE SELECTION OF 
MORE THAN 300 AMINO ACIDS AND PEPTIDES 


Typical Amino Acids 













Asparagine, D, D, DL Histidine 
Giutamine Valine, D, PL, L 
Phenylalanine, D, DL,L Ornithine, DL, L 
Homoserine Dopa, D, L, DL 





Homocysteine Serine, D, L, DL 
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A valveless pump that offers the ultimate in 
freedom from contamination of the liquid 
pumped, either from the pump itself or from 
previously pumped liquids. For infusing ac- 
curately small volumes of solutions at the rate of 
0.5 ml through 25 ml with a variation of less 
than 5% at pressures up to 200 mm Hg. De- 
livery rate can be changed rapidly by méans of 
a simple screw adjustment. A graduated scale 
makes it possible to accurately reproduce desired 
rates. Stopping to refill syringe is eliminated by 
use of a reservoir. The length of delivery run 
is determined by volume of reservoir. 


CAT. NO. 70-146 


PRIPPS ABIRD, ine. 


Manufactucers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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SCHWARZ 


Fine Chemicals 
for Industry 
and Research 
@ 
Purines and 
Pyrimidines 
Phosphorylated 
Adenosine 
Compounds 
Cozymase 
Nucleosides 
and 
Nucleotides 
Nucleic Acids 
and 
Metallic 
Nucleates 
Sugar 
Phosphates 
Glutathione 
Sulfhydryl 
Reagents 
Sugars 
Triphenyl 
Tetrazolium 
Chloride 
Deoxynucleosides 
Optically 
Standardized 
Amino Acids 
Radioactive 
Chemicals 











SCHWARZ LABO i 


PREPARED ey: 


RAPHIC ASSAY:-----— : 
. APPROVED:-- o- 


How 
High Quality 
is Assured 


in SCHWARZ 
Biochemicals 


High Specifications Are 
Established 


A specification sheet delineates the quality 
of every chemical manufactured by 
Schwarz. These specifications are prepared 
in our Research Laboratories and are based 
on careful literature searches for the cor- 
rect values. 


Each Lot Must Meet These 
Specifications 


Every lot of Schwarz compound is ana- 
lyzed in our Control Laboratories before 
it leaves the production laboratory. Each 
assay must meet the specifications set 
forth. The assay slip must be approved by 
the head of our research group. 


Complete Records Are Kept 
For Each Lot 


A lot number appears on every shipment 
of fine chemicals made by Schwarz. A 
copy of the analysis of each lot is filed in 
our Order Department—so every pur- 
chaser instantly may be given data he 
may need. 


Extensive Research Is 
Maintained 


Schwarz research is intensively directed 
to the commercial production of cell sub- 
stances. Schwarz Laboratories was the 
first and in many cases is the only manu- 
facturer of a number of important bio- 
chemicals. 


All Operations Are Guided By 
Long Experience 


Schwarz Laboratories has a long record 
of accomplishment and leadership in 
manufacturing biochemical intermediates. 
It is the oldest and largest manufacturer 
in the world of nucleic acid and its related 
derivatives. You can rely on Schwarz. 


SCHWARZ LABORATORIES, INC. 


230B Washington Avenue 
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continuously-variable delay line of total 
delays 0.5 and 6.1 usec respectively, 
pulse-forming circuit, multivibrator, and 
two gating circuits. The instrument is 
used in conjunction with an oscilloscope 
for observation of signals. (AD-YU Elec- 
tronics Laboratory, Inc., Dept. 164) 


®@ DIRECT-VIEW STORAGE TUBE retains im- 
ages on its screen for more than 5 min. 
Black background of the tube permits 
viewing in high ambient light. An eras- 
ing gun allows the user to eliminate un- 
desired areas. Tubes are available with 
electrostatic or electromagnetic deflec- 
tion and focusing, and in a variety of 
sizes. (Allen B. DuMont Laboratories, 
Inc., Dept. 165) 


EH OSCILLOGRAPHIG RECORDER _ provides 
high-resolution oscillograms from gal- 
vanometer light beams on electrophoto- 
graphic paper. The developed record can 
be viewed in | sec or less at paper speeds 
of 4 in./sec or higher, Sensitizing, expo- 
sure, developing, and fixing are done at 
a continuous rate for recording speeds of 
4 to 16 in./sec. As many as 40 channels 
can be used on 14-in. paper. A remov- 
able trace identifier provides for overlap 
of traces. The supply spool holds 500 ft 
of paper. Timing lines are inserted at 
intervals of 0.01, 0.1, or 1 sec. (Century 
Electronics and Instruments, Inc., Dept. 
167) 


™ GALVANOMETER ANALYZER is a portable 
instrument for testing mirror galvanom- 
eters of the type commonly used in re- 
cording oscillographs. Damping,  fre- 
quency response, static balance, and 
sensitivity are evaluated. The instrument 
duplicates operating conditions by using 
a temperature-controlled magnet block 
with dummy galvanometers in all unused 
channels. Static balance is checked by 
turning the instrument on its side. (North 
Atlantic Industries Inc., Dept. 171) 


& HIGH-VACUUM COMPONENTS designed 
for quick interconnection in a variety of 
arrangements permit evacuation to 10-* 
mm-Hg. A total of 21 components is 
available, including the following: a 
2-in. diffusion pump rated at 150 ft®/ 
min at 10-* mm-Hg; thermocouple and 
ionization gages; liquid-nitrogen cold 
trap; high-vacuum valves; flexible con- 
nectors; adapters; and manifold sections. 
(N.R.C. Equipment Corporation, Dept. 
174) 


! pRESSURE-TRANSDUCER CALIBRATOR au- 
tomatically performs the calibration of 
1 to 12 pressure transducers. Quantita- 
tive data on linearity, hysteresis, drift, 
and sensitivity are provided. Calibration 
is dynamic. Data are presented on an 
X-Y recorder and on digital counters. 
(Allegany Instrument Co., Inc., Dept. 
178) 
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® ENVIRONMENTAL CHAMBERS, for use 
with vibration machines, are portable. 
The chambers are moved by perma- 
nently attached fork lifts, electrically or 
manually controlled. Height may be ad- 
justed to fit vibrators of 2500-lb force. 
Chambers have removable bottom and 
side panels. Temperature range is — 100° 
to + 600°F controlled to +2°F. Liquid 
CO, provides cooling. Work space is up 
to 5 by 5 by 5 ft. (Tenney Engneering 
Inc., Dept. 181) 


® BLAST BURNER for glassworking has five 
different tips of 1.5- through 6-mm ori- 
fice diameter mounted on a revolving 
turret. The flame stays on as the turret 
is rotated. The burner operates equally 
well on natural, manufactured, or cylin- 
der gas up to a pressure of 10 Ib/in.?. 
Oxygen pressure may be 5 to 15 Ib/in.?. 
(Will Corporation, Dept. 176) 


®sTOP WATCHES have dial 2.36 in. in 
diameter. Models are available with a 
variety of ranges and sensitivities, with 
electrical contacts for operation of opti- 
cal or acoustic signals, or with electro- 
magnetic starting, stopping, and _reset- 
ting. (Herman H. Sticht Co., Inc., Dept. 
180) 


® AUTOMATIC 


PIPETTE, consisting of a 
fixed-volume 


pipette permanently at- 
tached to a double-bore stopcock, may 
be filled without adjustment to reference 
mark. The contained sample can be 
washed out by a measured amount of a 
second liquid. (Arthur H. Thomas Co., 
Dept. 175) 


® DIGITAL-TO-ANALOG CONVERTER converts 
coded-decimal and straight-decimal in- 
puts to proportional d-c voltage. Input 
may be keyboard, punched card, or 
punched tape. Electronic switching, in 
which transistor and magnetic circuits 
are utilized, is used in the device; there 
are no vacuum or gas tubes. (Electro In- 
struments Inc., Dept. 179) 


® POTENTIOMETER achieves accuracy of 
0.0015 percent in voltage measurement 
and 0.003 percent in current measure- 
ment. The standard-cell reference of the 
instrument, accurate to 0.001 percent, 
and the voltage dividers, accurate to 
0.0001 percent, may be used separately. 
The standard-cell reference consists of 
three saturated standard cells in a 
0.01°C oven. A d-c amplifier integral 
with the instrument is used as a gal- 
vanometer to compare an unknown volt- 
age with the ratio-box output voltage. 
Extension to current measurement is 
achieved by adding current-scaling resis- 
tors. Voltage scales are 1 and 4 vy; cur- 
rent scales 1, 4, 10, and 40 ma. (Julie 
Research Laboratories, Inc., Dept. 173) 

JosHua STERN 
National Bureau of Standards 


18 JULY 1958 





High-vacuum brush still gentle 
but firm, fast but thorough 


Take tall oil as an example of the CEC Brush Still’s performance. The 
brush still recovers 95% of the fatty acids from this oil’s mixture of 


fatty and rosin acids. The distillate is 90% pure fatty acids and is free 
of the characteristic, unpleasant tall oil odor. Heretofore the indus- 
try accepted 80% pure material as high grade and also accepted 
the odor. 

Polyethylene glycol, microcrystalline wax, cedarwood oil, citral, 
peppermint oil, and ionone are among the other materials now being 
purified more efficiently in the Brush Still. 





Distill up to M.W. 900 








You get a royalty-free, 
nonexclusive license for 
noncommercial usage 
with each brush still. 


Consolidated Electrodynamics 
Rochester Division; Rochester 3, N.Y. 


SALES AND SERVICE OFFICES 


IN PRINCIPAL CITIES 


.-- Without refluxing 


Here is a batch still that’s 900 to 
1000% more efficient than the usual 
pot or falling film still. 

With it you can separate highly 
pure condensates of heat-sensitive 
materials from M.W. 250 to 900 at 
temperatures up to 300° C. and 
higher. 

Working at pressures as low as 1 
to 10 microns the CEC Brush Still 
offers an almost ideal balance of low 
thermal hazard with fast distillation 
rates. 

It’s the condensing brush that makes 
this still unique. When you heat the 
distilland at the base of the heated 
glass column, the vapors quickly con- 
dense on the cooled brush which 
rotates at 450 rpm. The brush flings 
the condensate back to the heated 
surface of the column where the 
lightest fractions revaporize fastest. 

As this process continues up the 
column and brush, sharply defined 
fractions develop, the lightest reach- 
ing the top soonest. 

This is, of course, oversimplified 
here. At your request, we'll send 
complete information on the Brush 
Still, on CEC Centrifugal Molecular 
Stills, and on arrangements for custom 
distillation. 








GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the AAAS Washington Meeting 
by first class mail — early in December 


The General Program-Directory of the 125th Meeting of the AAAS in Washington, D.C., Dec. 
26-31, 1958, will be available to anyone, at cost, within the first week in December—whether he can 
attend the Meeting or not. You will want the General Program-Directory for your reference shelf. 


Program content 


Directory content 


1. The two-session general symposium, “Moving Frontiers of 1. AAAS officers, staff, committees for 1958. 
Science III: The Structure of Science and Scientific Organ- ‘ 
izations Abroad,” arranged by the Committee on AAAS 2. Complete roll of AAAS presidents and their fields. 
Meetings. 
eh A pie ae : 3. The 279 affiliated organizations. 
2. The six sessions of the Conference on Scientific Communica- g ee ee 
tion Problems. 4. Historical sketch and organization of the Association; 
3. Programs of the 18 AAAS sections (symposia and con- the Constitution and Bylaws. 
tributed papers). . ay 
dieing: eee ee 5. Publications of the Association. 
4. Programs of the more than 90 participating societies. 
5. The Special Sessions: AAAS, Academy Conference, Con- 6. AAAS Awards—including all past winners. 
ference on Scientific Manpower, National Geographic ; ‘ 
Society, Phi Beta Kappa, Sigma Xi, RESA. 7. Membership figures by sections. 
6. Details of the Sheraton-Park Hotel—center of the Meeting 8. Section committees (Council members) in detail. 
—and of the other hotels and session sites. 
7. Titles of the latest foreign and domestic scientific films 9. Local committees. 
ap be shown: stu eae were sneatte. 10. Future Meetings of the AAAS through 1962. 
8. Exhibitors in the 1958 Annual Exposition of Science and 


Industry and descriptions of their exhibits. 


New and current activities of the AAAS. 





Advance Registration 


Advance registration has these decided advantages: 1)You avoid delay at the Registration Center upon arrival; 2) You 
receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY — 

la. 1) Enclosed is $3.00 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, and all 
privileges of the Meeting. 

lb. 1) Enclosed is $2.00 for only the Program-Directory. (It is understood that, if I should attend the Meeting later, the 


Badge—which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
(Check one) 


2. FULL NAME (Dr., Miss, etc.) 


(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
BU STINGS RODIN ROMAIN os ois os ees soo 05 bia eieipl olde oseponpeteletunls WAveleielarole « cb-ocare'y-a/a 1c tara geet x Oct alana energetic) aan oa 
BS SOE PACE AOR Ia pO NERO 6.5 655 55 6 0s ejesate. a .8isie n-ne tun eoare 9 tae, 6 66.0 ie old acayous Rte elCres en UCP SUR PeReIEICE 1s tare ate torcieaer sane enna 
(For receipt of Program-Directory) 
So COUR PUB OR SEIN DEAREST wo cscs le a siecdig, oboe ww oes breed) bike G)8sse lolslbce min 9pm bara ve URMA PNG IMP sb a Rate Pa CRIT eek hg 
©. CON VEIN DDO MDB ay Bina» 56.55 5. alelers: dist e ue. wyw SRUGIN we iete bulla cd ds selle- elute rar ayeatcets wet gleeann Maen camera lucia Bila autehaaeia ts vis Chie ain «oa 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $3.00 or $2.00 to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 
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~ APPLICATION FOR HOTEL RESERVATIONS 
125th AAAS MEETING 
Washington, D.C., December 26-31, 1958 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Washington. Please send your application, not to any hotel directly, but to the AAAS 


Dec Housing Bureau in Washington and thereby avoid delay and confusion. The experienced Housing Bureau will 
: make assignments promptly; a confirmation will be sent you in two weeks or less. 
can As in any city, single-bedded rooms at minimum rates may become scarce; double rooms for single 


occupancy cost more; for a lower rate, share a twin-bedded room with a colleague. Most hotels will place 
comfortable rollaway beds in rooms or suites at $2.00 to $2.50 per night. Mail your application now to secure your 
first choice of desired accommodations. All requests for reservations must give a definite date and estimated hour 
of arrival, and also probable date of departure. 














AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
see Rates for Rooms with Bath 
Hotels with an asterisk have sessions in their public rooms. For a list of headquarters of each participating society and 
section, see page 151, Science, July 18. 
Hotel Single Double Bed Twin Bed Suite 
*Dupont Plaza $10.00-11.00 $13.00-14.00 $13.00—14.00 $21.00-27.00 
*Sheraton-Park 8.00-12.00 12.00-14.50 11.00-16.00 20.00-—60.00 
*Shoreham all 9.00 all 12.00 all 12.00 20.00-50.00 
*Statler all 10.00 all 14.00 all 14.00 24.00-30.00 
*Washington 7.00— 8.00 11.00-12.50 11.00-12.50 24.50—45.00 
*Willard 10.00—12.50 13.00-17.00 14.00—18.00 25.00—35.00 
Roosevelt 7.00-— 9.00 10.00—12.00 18.00—24.00 
Sheraton-Carlton 12.00-17.00 17.00—21.00 
') You Windsor Park all 9.00 all 14.00 all 14.00 13.00—18.00 
ish to 
soa === 5 THIS IS YOUR HOUSING RESERVATION COUPON —-———---———-—— 
AAAS Housing Bureau 
1616 K Street, N.W. Date: Gk. Apgucatiem. ....... 220. Sy 8 ee ee 
Washington 6, D.C. 
cake Please reserve the following accommodations for the 125th Meeting of the AAAS in Washington, D.C., Dec. 26-31, 1958: 
TYPE OF ACCOMMODATION DESIRED 
id all SePNRE: FREON S66 'S 656 5 ESR OS MPCUICG MMO. cult. ac codes eeximmuin Rate: os. 66 os ccwed 
Double-Bedded Room ........ EMI BUD 5 Sack wale tas PERRIN ROBIE 6 i... 55 oie Number in party ............. 
dee | Pe ee Desired Rate .........0.05 Maximum Rate ..........0+ 
| RASC BRE MMO cree Meee MG. 66s ts oss Sees PEOMTMUNE TRE 0s 50500. ses Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


eeeee 


eeeee 


Paes) Dee MUMNGIOS EEOSEL OS JAC din siice ss Seton Choice Bete ccc ccc ccc ccs, RENN MNOS EIMNENs «cc ciclncacrase mals 
rere aS: CODE cUTRMNE W PUR cite S10 LIST SHOES 0 deo. 0 \.c ain. Ep. tacdve Sangh EIS, MME RIS 0.5 csi cite SieleW ape & oe = ide Stars ton ehepaaien ane aera 
(These must be indicated—add approximate hour, a.m. or p.m.) 
daa NE osc 8 iikig da vic Kew RM RRR eee os Baek CO Cewek aT CUNG s GNTAR NR Oe EU Eos Vek oon oe TRU een ata tee 
(Individual requesting reservation) (Please print or type) 
PMR, lie dudusnutt Wate IeC ONi Cm, shire. Gog 0b-s: tl 4:.n. a. ove & 0,0,apdleun Te) 6 MiNAR IRIEL RIRATS & &.RLED 000% 620.0 4.6, 0:0 ierectneree Siene ke aes al een aaa aes 
(Street) (City and Zone) ‘ (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
OL. 128 18 JULY 1958 aan 











——URINALYSES— 


CON-RAD offers the most 
comprehensive urinalysis service 
commercially available, including 

the following analyses: 


Gross Activities 
Total Uranium 
Enriched Uranium 
Beryllium 
Mercury 

Thorium 

Fission Products 


Radium 


Write for free brochure 


rorebala melt 








Plutonium MICRO-POLYGRAPH 


“Simplicity and accuracy for student or scientist’’ 


® Compact versatility — 
FILM BADGE EEG, ECG, and 2 pressure channels 
or ECG and 3 pressure channels 
® Transducers plug in directly—no extra power supply 
or pre-amplifiers needed — 
: ® Rugged and sturdy 

describing advanced FILM BADGE ® Rectilinear recording with ink on 6” paper; simple 
DOSIMETRY SERVICE : and reliable linkage — only two moving parts 

Plug-in printed circuits 
® Anti-clogging inking system 
® Instantaneous speed change — 6 speeds 
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GILSON MEDICAL ELECTRONICS 
On Madison's West Beltline Highway 
Middleton, Wisconsin 
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CLASSIFIED: 25¢ per word, minimum \HMMIII||| POSITIONS OPEN ||| 
charge 34.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. Gs) Lge ye ea P et to head onal , de- 
partmen 0 JuSy hospital now merging to torm 
COPY for classified ads must reach one very large institution; about $9000; mid- 
SCIENCE 2 weeks before date of issue t reerait b) Bioch 
(Friday of every week). babi ern university center. (b) iochemist or 
DISPLAY: R q emist; M.S., Ph.D. for outstanding oppor- 
: Rates listed below—no charge tunity, large cancer research hospital; to $12,500. 
for Box number. Monthly invoices will East. (c) Virologist; consider Ph.D. Microbiolo- 
be sent on a charge account basis — gist also; research appointment, university med- 
pot to Tad satisfactory credit is ical school; research mainly directed human, 
. animal virus relationships; ample technical as- 
13 ence gern $36.00 per = sistance, freedom and initiative; to $8000; east- 
times in 1 year 24.00 per inch ern university city. (d) Biochemist ; M.S. for 
26 times in 1 year 23.00 per inch special research project in blood pigments; large 
52 times in 1 year 22.00 per inch prose pe hospital; college city 200,000. Ww con 
ward Medical Bureau, Ann Woodward, Director, 
Foteach SCI ence de caey, Must 185 North Wabash,’ Chicago. Xx 
of issue (Friday of every week). ae a 
Replies to blind ads should be addressed Experienced Histology Technician, ASCP _regis- 
as follows: tered preferred. Supervise histology labor atory 
Box (give number) in large midwestern teaching hospital, train tech- 
Science nicians, opportunity for research. Box 163, 
Weta Ave., NW SCIENCE, ti 
ashington aks aes 











(a) Professor of iene and Head of : Some. 














iil POstr10NS OPEN jill 


Pharmacologist, Ph.D., to head small, growing 
department, expanding pharmaceutical manufac- 
turer. Require ambitious, imaginative, produc- 
tive scientist, under 35, seeking career oppor- 
tunity in industrial phe irmacology. Please send 
complete résumé, inceeine publications and 
references. Box 170, SCIENCE, 7/25 








NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation ever 
prepared for American scientists, teachers, and 
librarians to subsidize their education and re- 
search in more than 350 universities in 45 states, 
30 foreign lands. Stipends $200-$10,000. Com- 
plete information. Just published. Send $2 now. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 
24,. Nex. eow 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 








“ 





l | ment of Biological Sciences; 4-year, coeduca- SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 
(NAMI POSITIONS OPEN {A a pera arts collene, pully accredited ; 
South, armacologist, Ph.D., to conduct IIH (HN 
Biologist, Ph.D. To teach biology in Catholic research independently in fields of inflammation, | POSITIONS WANTED | 
university. Experience: bacteriology and either analgesia, or sympatholytic drugs; 14-year old a ‘ 
zoology or physiology. Rank and salary open. company expanding into entire field of cosmetics Biochemist, Ph.D., 1957, 28, married; year’s 
Box 166, SCIENCE. 7/11, 18 and allied items; laboratory staff of over 125; postdoctoral terminz ating, teaching experience, 
see ee opening also for Histochemist to conduct inde- Desires academic or industrial position. Hor- 
Chemist, male, with B. S. degree in organic Srichs: pendent research; Ph.D. required; salaries up monal control lipid metabolism, steroid metabo- 
istry or biochemistry, to participate in analytical to $10,000; Midwest. (C) PED. or V. lism. Broad _ biological background. Box 173, 
biochemical research in mental illness in hospital with training in virology, although doctorate in SCIENCE. 7/25 
near Philadelphia. Write stating age, education, microbiology with some training in virology $$ $$ Se 
experience, and salary desired to P.O. Box 8507, would be considered; long-term research project Botanist-Biologist, 44, Cornell Ph. D., 1951; 
Philadelphia 1, Pa. 7/25; 8/1, 8, 1§ to study relationship between human and animal years’ experience in southern state university: 
$$$ $$ viruses; medical school research department; botany, general biology, plant taxonomy, evo- 
Experienced Cytotechnologist. Papanicolaou Re- East. S7-3 Medical Bureau, Burneice Larson, lution; AEC contract research, floristics, ecology, 
search | Laker atory, 1300 York Avenue, New Director, 900 North Michigan Avenue, Chicago. isotopes; publications ; administration. Will at- 
York 21, New York. uc tend AIBS. Box 172, SCIENC x 
164 
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mn POSITIONS WANTED || 





Entomologist, Ph.D., minor in physiology; 1 
year teaching in experiment station. Desires re- 


SCIENCE 


search academic position. Box 171, 





i iiieiliaines 8 years, 
pharmacology department, state university; 4 
years, director, research, pharmaceutical com- 
pany. Medical Bureau, Burneice Larson, Direc- 
tor, 900 North Michigan Avenue, Chicago. X 


professor and_ head, 








The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 








DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS oft display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


$26.00 per inch 
24.00 per inch 














ill BOOKS AND MAGAZINES ||| 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
————— Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 








ADVANCES IN EXPERIMENTAL 


CARIES RESEARCH 
AAAS SYMPOSIUM VOLUME 
June 1955 


x9”, 49 illus., index, clothbound 











46 pp., 6” 


Price $6.75; cash order price for 
AAAS members $5.75 


. This is a real contribution 
to dental science. It is the most 
comprehensive review of animal ex- 
perimentation on caries ever at- 
tempted. The format and reproduc- 
tion of illustrations are excellent. 


“This compilation of research find- 
ings should have wide circulation 
and should be a storehouse of infor- 
mation for all those who are inves- 
tigating the problem of dental 
caries. It should serve to clarify the 
thinking and prevent useless dupli- 
cation in future studies. . . .” 


Russell W. Bunting, School of 
Dentistry, University of Michigan. 


AAAS, 1515 Mass. Ave., NW, 
Washington 5, D.C. 
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iil! BOOKS AND MAGAZINES |i 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to = 3 high mar- 
ket prices. Write Dept. RS. Inc. 
Boston 30. gk Bho 
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Histology 
for 
Industry and Research 


George L. Rozsa, M.D. 
143 Linwood Ave. Buffalo 9, New York 
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TRUESDAIL Request 
LABORATORIES, INC Publication 
: CHEMISTRY IN 
TION 


4101 N. Figueroa 
Los Angeles 65 
California 
CA 5-4148 
San Francisco 
Honolulu 


on letternead 


Roger W. Truesdail, Ph.D., President 
C. E. P. Jeffreys, Ph.D., Technical Director 

















WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J.E.STOCKER Box4 Ramsey, N.J. 
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From: 


Postage 
WillbePaid 


by 
Addressee 


To: 
Room 740 


USE THIS EASY SELF-MAILER to obtain 


further information 


Rea claos ‘. ce 


Information Requisition 


18 July 1958 


It’s Simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment News. 


Zee .... 


(Please print or type) 


Mark, clip coupon — FOLD HERE along this line — mail 





BUSINESS REPLY ‘CARD 
First Class Permit #12711 New York, N.Y. 


Rewihine ; Saowtne 
SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 
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LOVINS MICRO-SLIDE FIELD FINDER 


Now available directly from 
the manufacturer . . . 











LOVINS MICRO-SUDE 
PIELD FINDER 
NO. 201080180 
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Ask for Bull. LMS, W. & L, E. Gurley, Troy, N.Y. 





BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 








ALBINO RATS 
SWISS MICE 


Price lists on request 


DAN ROLFSMEYER CO. 
Ph. Alpine 6-6149 
Route 3, Syene Road, Madison, Wisconsin 














Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 
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Information Requisition 


Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 
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171 173 174 175 176 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, “L”’ 
lower ad, ‘‘I’’ inside ad, “‘M’’ middle ad, and “‘O”’ outside ad. Advertisements 
in Personnel Placement and Market' Place are not keyed. A multiplicity of items 
is indicated by *. Readers are requested to specify on this coupon the par- 
ticular item in which they are interested;, otherwise, the request cannot be 
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Keep your copies of 
SCIENCE always avail- 
able for quick, easy 
reference with this 
all-purpose 


BINDER 





@ It’s PRACTICAL—simply snap _ the 
magazine in with a strong flat wire, 
without cutting, punching, or muti- 
lating. Snap it out just as easily ... 
all in a matter of seconds, It opens 
FLAT—for easy reference and read- 
abiliy. Holds 26 issues. 


@ It’s ATTRACTIVE— in beautiful ma- 
roon buckram, stamped in gold leaf. 
A fine addition to your library. 


@ It’s DURABLE—sturdily constructed 
to withstand much use—ideal for 
classroom, laboratory, and library. 


@ It’s PERSONAL—your name stamped 
on the cover for only 75¢ in addition 
to the regular price of $3.25—the 


year of issue will be included for 
50¢ extra. 


$ 3.25 


POSTPAID 


Personal check or 
money order, please 


ORDER YOURS NOW! 


Science 


1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


SCIENCE, VOL. 128 
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The world’s widest range 
of Radiochemicals 


comes from 


Amersham 





A general view showing some of the 
processing laboratories at Amersham. 


Each year at the Radiochemical Centre we 
prepare over five hundred labelled compounds 
incorporating some twenty different isotopes. 
Of carbon-14 alone over two hundred com- 
pounds are available, mostly from stock. Our 
range covers all the important tracer isotopes— 
S-35, P-32, I-131, T-3, Cl-36, etc. 

We cater for many interests—for biologists 
with labelled steroids, sugars, amino acids, 
carcinogens, vitamin B12, etc.—for industrial 
chemists with labelled weedkillers, pesticides, 
fertilisers, detergents, 

To all tracer users we are pleased to offer 
advice—and often to make special labelled 
materials for their use. Write to Amersham for 
our general lists or tell us about your particular 


problem, 





THE RADIOCHEMICAL CENTRE 


AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 
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VARIABLE-RESPONSE RECORDER 
for densitometry in paper electrophoresis 


Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 






























































Sensitivity 
adjustable from 
10 to 200 millivolts 


Designed specifically te be used with scanning densitometers for correctly- 
compensated quantitative evaluation of electrophoretic — on filter paper 


Write for Bulletin #1100 


Densitometers pH Meters Colorimeters 
Meters _—_ Electronic Photometers 





Also : 


citciiene 
Photometers 








NEW! 


CENCO* HYVAC 
GAS BALLAST PUMPS 


For vacuum applications plant 
and laboratory. Eliminates 
use of oil separators, cen- 
trifuges, refrigerated traps. 
Wide range of capacities. 





Write today for Bulletin 10 G. 


the most complete line of scientific instru- 
ments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


CECH 1718-M Irving Park Road « Chleage 13, Mlinois 
® Branches and W nN. 


zB 
Boston e Birmingham © Santa Clara « © Los — Tulsa 
Houston Toronto © Montreal « Vancouver © Ottawa 











Nuclear-Chicago offers complete new 


nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// 
new instruments that have been added to the Nuclear- 
Chicago line now offered to the small or large nucleonic 
research laboratory. Among these high-quality ad- 


vance-design instruments are many completely 








1A Model DS5-3P Scintillation Detector 
with exposed 2” x 2” sodium iodide 
crystal and 1B Model 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-height dis- 
crimination techniques. 


2A Model DS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer" 
circuit and 2B Model 1820 Recording 
Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra. 


3A Model 183B Count-O-Matic Binary 
Scaler, 3B Model C110B Automatic 
Sample Changer with Model D47 Gas 
Flow Counter, and 3C Model C111B 
Printing Timer for completely auto- 
matic changing, counting, and record- 
ing of as many as 35 soft beta emitting 
radioactive samples. 














4A Model 3054 Manual Sample Changer with Model DS5 
Scintillation Detector which features interchangeable 
alpha, beta, or gamma sensitive crystals connected to 
Nuclear-Chicago's finest scaler, the 4B Model 192A 
Ultrascaler. Model 192A features decade scale of 10,000, 
One millivolt sensitivity, and precision automatic 
circultry. 





automatic counting systems. 

Whether you are just starting a modest radioisotope 
laboratory or expanding present facilities, call on 
Nuclear-Chicago. For complete details on the new 
Nuclear-Chicago line, write for our new Catalog ““Q”’. 





§ Model 2612P Portable Survey Meter con- 


tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


6 Model 2586 ‘‘Cutie Pie'’ features inters 
changeable ionization chambers for 
measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour, 


Model 1620A-S Analytical Count Rate 
Meter offers a wide choice of full scale 
ranges, four time constants, wide range 
high voltage supply. It is shown witha 
Model D34 thin window G-M tube and 
P11 probe for continuous monitoring oF 
analytical radioactivity determinations. 


nuclear - chicago 
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